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© EBER LINE STANDARD OPERATING PROCEDURE Eﬁgcz\z?:'oz‘?;{)z
SEAVICE Sample Receiving Page 11 of 12

Eberline Services — Oak Ridge Laboratory

SAMPLE RECEIPT CHECKLIST

\ MP-001-2
WORK ORDER # 07 . 0 5 0 98

SAMPLE MATRIX/MATRICES: (CIRCLE ONE OR BOTH)

AQUEOUS ON-AQUEOQU

(CIRCLE EITHER YES, NO, OR N/A)

WERE SAMPLES:
Received in good condition? (v N
If aqueous, properly preserved N \N/A

WERE CHAIN OF CUSTODY SEALS:

Present on outside of package?

o~

EORG

Unbroken on outside of package?

Present on samples?

Unbroken on samples?

Was chain of custody present upon sample receipt? @

IF THE RESPONSE TO ANY OF THE ABOVE IS NO, A DISCREPANT SAMPLE RECEIPT REPORT
(DSR) HAS BEEN ISSUED.

REMARKS:

SIGNATURE:L%AU\, pate: S l LY lo:]-'

CopyNo. __ Radiochemistry Services
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SERVICES

EBS-OR-25897 Oak Ridge Laboratory

601 Scarboro Road
June 19, 2007 Oak Ridge, TN 37830
Phone (865) 481-0683

Fax (865) 483-4621
Ted Johnson (865)

Environmental Chemical Corporation
63 Herb Hill Road
Glen Cove, NY 11542

CASE NARRATIVE
Work Order # 07-05098-OR

SAMPLE RECEIPT

This work order contains one soil sample received 05/18/07. This sample was analyzed for Isotopic
Uranium, Isotopic Thorium and Radium-226/228.

CLIENT ID LAB ID
5601-FSS-SUS-1015 07-05098-04
ANALYTICAL METHODS

Isotopic Uranium was analyzed using Method EML U-02 Modified. Isotopic Thorium was analyzed
using Method EML Th-01 Modified. Radium-226 was analyzed using EPA Method 903.0 Modified.
Radium-228 was analyzed using EPA Method 904.0 Modified.

ANALYTICAL RESULTS

Combined Standard Uncertainty is reported at 1-sigma value.

Method Detection Limits (MDA’s) reflected on the Preliminary Data Report (PDR) are calculated using
the equation from ANSI N13.30 (see below) for different blank and sample counting times. The MDA
calculation used by the alpha spectroscopy software assumes an equal count time for the sample and
background, and may be therefore slightly different than the MDA reflected on the PDR.

Where:

3.29 /Rb T, (1 +£J +3 R, = Background Count Rate
ANSI 13.30 ypa = T, T, = Count Time of Sample
KT, Ty, = Background Count Time
K = Calibration and Calculation Factors in
Appropriate Units

ISOTOPIC URANIUM

Sample was prepared by removing a representative aliquot from the sample followed by mixed acid
digestions as appropriate. Uranium was selectively extracted by ion exchange. Uranium was eluted,
micro-precipitated and mounted on micro-porous filter media. Sample activities were then determined by
alpha spectroscopy using energy specific regions of interest for Uranium-234, Uranium-235 and
Uranium-238. Chemical recovery was determined by the use of a Uranium-232 tracer. Activity of the
Uranium-232 tracer was determined by alpha spectroscopy using an energy specific region of interest.

Page 1 of 3



ANALYTICAL RESULTS CONTINUED

ISOTOPIC URANIUM CONTINUED

Sample demonstrated slightly positive results for Uranium-234 and Uranium-238 activity. Sample
demonstrated background equivalent results for Uranium-235 activity. Chemical recovery was acceptable
for all samples. Results for the Uranium-234, Uranium-235 and Uranium-238 method blank
demonstrated background or non-detect equivalent activity. Results for the Uranium-234, Uranium-235
and Uranium-238 replicate demonstrated an acceptable relative percent difference and normalized
difference. Results for the Uranium-234 and Uranium-238 laboratory control sample demonstrated an
acceptable percent recovery.

ISOTOPIC THORIUM

Sample was prepared by removing a representative aliquot from the sample followed by mixed acid
digestions as appropriate. Thorium was selectively extracted by ion exchange. Thorium was eluted,
micro-precipitated and mounted on micro-porous filter media. Sample activities were then determined by
alpha spectroscopy using energy specific regions of interest for Thorium-228, Thorium-230 and Thorium-
232. Chemical recovery was determined by the use of a Thorium-229 tracer. Activity of the Thorium-
229 tracer was determined by alpha spectroscopy using an energy specific region of interest.

Sample demonstrated background equivalent results for Thorium-228, Thorium-230 and Thorium-232
activity. Chemical recovery was acceptable for all samples. Results for the Thorium-228, Thorium-230
and Thorium-232 method blank demonstrated background equivalent activity. Results for the Thorium-
228 replicate demonstrated a slightly high relative percent difference; however, normalized difference is
within acceptable limits for the analytical technique. Results for the Thorium-230 and Thorium-232
replicate demonstrated an acceptable relative percent difference and normalized difference. Results for
the Thorium-228, Thorium-230 and Thorium-232 laboratory control sample demonstrated an acceptable
percent recovery.

RADIUM-226

Sample was prepared by removing a representative aliquot from the sample followed by mixed acid
digestions as appropriate. This was followed by selective sulfate precipitation of the Radium. Sample
was then mounted by semi-micro-precipitation onto micro-porous filter media. Sample was counted by
alpha spectroscopy using an energy specific region of interest for Radium-226. Chemical recovery was
calculated by the use of a Barium-133 tracer, which was determined by HPGe gamma spectroscopy.

Sample demonstrated background equivalent results for Radium-226 activity. Chemical recovery was
acceptable for all samples. Results for the Radium-226 method blank demonstrated background
equivalent activity. Results for the Radium-226 replicate demonstrated a high relative percent difference
and normalized difference. Results are statistically equivalent with consideration of the +2-sigma
counting uncertainties. Results for the Radium-226 laboratory control sample demonstrated an acceptable
percent recovery.

RADIUM-228
Following alpha spectroscopy analysis of Radium-226, Barium/Radium Sulfate precipitate was

redissolved and allowed for sufficient ingrowth of the Actinium-228 daughter. After ingrowth, Actinium-
228 was selectively precipitated. Precipitate was filtered and Actinium-228 beta emissions were then

Page 2 of 3




NN

ANALYTICAL RESULTS CONTINUED

RADIUM-228 CONTINUED

counted on a gas proportional counter. Chemical recovery was determined by the use of a Barium-133
tracer, of which the sample activity was determined by HPGe gamma spectroscopy and an elemental
Yttrium carrier by gravimetric measurements. The product of these two recoveries was used to calculate
chemical yield.

Sample demonstrated background equivalent results for Radium-228 activity. Chemical recovery was
acceptable for all samples. Results for the Radium-228 method blank demonstrated background
equivalent activity. Results for the Radium-228 replicate demonstrated a high relative percent difference;
however, normalized difference is within acceptable limits for the analytical technique. Results for the
Radium-228 laboratory control sample demonstrated an acceptable percent recovery.

CERTIFICATION OF ACCURACY

I certify that this data report is in compliance with the terms and conditions of the Purchase Order, both
technically and for completeness, for other than the conditions detailed above. Release of the data
contained in this hard copy data package has been authorized by the cognizant project manager or his/her
designee to be accurate as verified by the following signature.

M.R. McDoug
Laboratory N

Date: 6/19/2007
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ANALYTICAL RESULTS SUMMARY



129v-€8p/S98 XV4  €890-18p/S98  0E8LE NL ‘66pId YeO ‘PeoY 010qieds 109 | caDIANIS

Asopni0qny ebipry ypQ ANITTd3Ig ]

feuiBug ajeandng=0a ‘aidwes feuloN=ou1 ‘ajeaNdna=dna Hueig=Tan ‘oidwes |0nuo) Aiojesoqe=go7:AHANOY pajoslad feunuiN=VaW:{wbis-1) Aulepsdun piepuels paulquiod=Nso:Hutepsoun Bugunod=no

6a0d 10-320°L L0-32L'1 10-38¢€°¢ 00+321°L P3WPON LO-YL TN Zeg-wnuoy] | 86050-20 | L00Z/LE/S | L00Z/BLS OL:LL 90/LC/L §1L0L-SNS-SS4-109s oda ¥0-86050-L0
Bnod 10-391°L 10-362L°} 10-316°¢ 00+3LL'L PalipPON LO-Y1l TN 2EeT-Wnuoyl i 86050-20 | L00Z/LE/S | LOOZ/BLIS 0Ly 90/Le/LL 6101-5NS-SS4-109S dna £0-86060-20
Bnod z0-3z¥'e | eo-3s8'€E €0-365°2 | €0-362° PaIPOW LO-YL TNI | Z€Z-Wnuoyl | 86050-20 | L0OZ/LE/S | L00Z/8L/S | 00:00 L0/81/SO SNV 78N | 20-86050-20
6a0d ¢0-3v8'8 10-36L°% 10-32C'8 00+318°¢ PayipoN 10-UL A3 Zeg-wnuoyy | 86050-20 | L00C/LE/S | L00C/8L/S 00:00 20/81/50 IMIdS sO1 10-86050-20
6pod 10-3¢L'L 00+36.L°Y PaUiPOW 1L0-YL TN geg-wnuoyl | 86050-40 | L00Z/LE/S | LOOC/8LIS 00:00 20/81/50 NMONX SsO1 10-86050-20
6a0d ¢0-369'8 10-318°} 10-365°¢ 00+30¢°L PAUIPON LO-UL TN 0gZ-Wnuoyl : 86050-20 | L00Z/1€/S | L00Z/8L/S 0L°LL 90/L2/LL S10L-6NS-SS3-109S oa ¥0-86050-L0
6n0d Lo-390°L 10-3L9°L 10-35L'€ 00+300°L POYIPON LO-UL TN ocg-wnuoyl ; 86050-20 | L00Z/LE/S | L0OZ/8L/S 0L:L1 90/LE/LL $101-SNS-SS4-1095 dna €0-86050-20
6aod 20-36€6 ¢0-359'¢ ¢0-391°L 20-366'9 Payipo LO-YL TN 0gZ-wnuoyt | 86050-20 | L00Z/LE/S | L00Z/8L/S 00:00 L0/81/50 NV Ian 20-86050-20
6a0d c0-3¢8°L 10-320°'s 10-318'6 00+389' PalipoN LO-UL TN oeg-wnuoyl | 86050-20 | Z00Z/L€/S | L00OT/8L/S 00:00 20/81/50 IMIAS SO1 10-86050-20
6nod 10-3pv’L 00+3¥E'S P3yipoN LO-Ul TN 0gg-wnuoyl ;| 86050-20 ; L00Z/LE/S | L00C/8L/S 00:00 20/8L/50 NMONM SOl 10-86050-20
6n0d 10-3¢T’L 10-390°C 10-3¥0°y 00+3€€°L PaUIPO L0-Ul TN geZ-wnuol] ; 86050-20 : L00Z/LE/S | L00C/BLIS OL'LL 90/LeitL SL0L-SNS-SS4-109S oa ¥0-86050-20
Bnod Lo-3sv°L 10-3L¥'2 10-358°¥ 00+369'L PaipO LO-ULl W3 gZ22-Wnuoy]l | 86050-20 | L00T/LE/S | L00Z/8L/S 0L:LL 90/LE/LL SL0L-SNS-SS4-L09S dna £0-86050-20
6a0d 10-31TL €0-36¢€°L 20-3st'1 20-368°}- P3YIPOW LO-UL TW3 8cZ-wnuoyl | 86050-20 | L00Z/LE/G | L0OZ/BLIS 00:00 20/8L/50 NV Tan 20-86050-20
6/10d 20-312°2 Lo-32S 'V 10-398'8 | 00+3SL¥ PBUPOW LO-UL N3 | 8ze-wnuoul | 86050-/0 | LOOZ/LE/S | L00Z/8L/S | 00:00 L0/81/S0 IS s01 10-86050-20
6p0d Lo-32L°1L 00+36L% PaiPON LO-YL TN gzZ-wnuoy]l i 86050-20 | L00Z/LE/S | L00Z/8L/S 00:00 20/81/50 NMONM SO1 10-86050-20
6pod L0-356°L 10-3v9°L Lo-312'¢ 20-3vv's- PaliPoONl 0'¥06 Yd3 g8zz-wnipey | 86050-20 | L00Z/¥L/9 | LOOT/8L/S oL:LL 90/Le/L L SL0L-SNS-SSd-L09S oda ¥0-86050-20
6n0d 10-306'6 10-3LLC 10-3PLY 10-300C P3YPON 0'Y06 Vd3 gZz-wnipey | 86050-20 | L00Z/vL/9 | L00C/8LIS OL:Ll 90/Le/tt S101-6NS-SS4-L09S dna €0-86050-4L0
6aod 00+351°1 L0-36¥'C 10-388'v L0-36Lv PaUiPOIN 0106 Vd3 8Zeg-winipey | 86050-20 | L00Z/¥L/9 | LOOZ/8LIS 00:00 £0/81/50 YNV Tan 20-86050-20
6a0d 00+3¥0°L 10-308'9 10-3¥9'8 10+389°L P3BIPON 0'¥06 Vd3 gzc-wnipey ; 86050-L0 | L00Z/pL/9 | L0OZ/8L/S 00:00 20/81/50 MIAS SO 10-86050-20
6pod 10-30.'8 10+3€6°L PayIPON 0°¥06 Vd3 8gg-wnipey | 86050-L0 | L00Z/¥L/9 | LOOZ/8LIS 00:00 £0/81/50 NMONM SO 10-86050-20
6p0d 10-395°L 10-382°4 10-305¢C 10-320°2 POWPON 0°€06 Vd3 9ze-wnipey | 86050-20 | L00Z/62/S | L00T/8L/S OLiLL 90/Le/LL SLOL-SNS-SS4-109S oda ¥0-86050-40
6p0d 10-3¥€C Lo-35¢°L 10-3¢9'¢ 00+3G1L°L PaijipoN 0°€06 Vd3 9zz-wnipey | 86050-.0 | L002/62Z/S | L00OT/8L/S OLLL 90/L2/LL SL0L-SNS-SS4-109S dna €0-86050-20
Bpod Lo-3ive €0-381°9 ¢0-31CL 20-36€°1- P3yIPON 0°€06 Vd3 9Zz-wniped | 860S0-/0 | L00Z/62/S | L002Z/8LIS 00:00 20/8L/50 YNV Jan 20-86060-10
Baod 10-3¢L'L L0-3¢8'9 00+3¥¢’L 10+310°1 PaPONl 0°€06 Vd3 9zg-wnipey | 86050-20 | L002/6Z/S | L00Z/8L/S 00:00 L0/8L/S50 MdS SO 10-86050-20
B0d 10-39L'v 10+3€0°} P3YIPO 0°€06 Vd3 9Zc-wniped | 86050-20 | L002/62/S | L00¢/8L/S 00:00 20/8L/50 NMONX SO 10-86050-20
suun a ajeg ajeq ejeq a adA) a
nodey vaw nso no unsoy potRen afeuy yojeg sisfjeuy | dieoay ojdweg el ojdwesg qe
) “Xujep ojdwes ZVSLL AN ‘0A0Q usio
TVINIWNOYIANT | Aobejes sishieuy Peoy |IIH G4eH €9 sisAjeuy jo Joday |euld
S3°000°109S 48pIQ eseyoind 9)is punyadng uaysbuny 17
860S0-20 03ds uosuyor paj mmu_>l- wm m-‘—_—l—mnm
_ . SIE}5q JORIO HOM T “o] Wodey

z jo | ebed INd L£:T 2002/61/9 :pPajuld




12OV-€8Y/598 Xv4  £890-18v/598  OEBLE NL '86piy YeO ‘peoy 0i0qieds 109 | caoiAMITS

kiognioqny abpry ypo ANITTd3g 3

{euiBuO ejeandna=0q ‘eiduies [euuoN=0¥1 ‘e1eadna=dna Hueig=1aIW ‘ejdwes |0/u0D K10jes0qe =S TANAROY Pe}Ialed [ewnuIN=VYaW:(ewbis-1) Hurepasun piepuels peulquiod=Ngo:Autepesun bugunod=no

Baod €0-302°9 10-392°1 L0-3.¥'¢C 10-3L¥'8 pPauypon Z2o-N TN3 geg-wniueln ;i 86050-20 2002/v/9 | L002/8Y/S OL:LL 90/L2/0 L §101-6NS-SSJ1-1L09S oa $0-86050-20
6p0d c¢0-368'8 L0-301°L L0-35L°2 10-302°2 PaUPON 20-N TN geg-wnivein | 86050-20 2002/vi19 | L002/81/S oL:LL 90/Le/lL SL0L-6NS-SS4-109S dNna €0-86050-20
Bpod 10-382°1 20-36.L°¢C 20-39¥'S 20-3¢%¢ pPaupoN Zo-N TN3 geg-wniuein { 86050-20 2002/v/9 | LOOT/8LIS 00:00 20/81/S0 MNV1E agan 20-86050-20
6n0d c0-3€L°L 10-36L'9 00+32¢°L 00+3€L°L PapoN Z0-N TN geg-wniueln | 86050-20 2002/v/9 | 1002/8LIS 00:00 LO/8L/SO IS SO1 10-86050-20
Bpod 10-308°¢C 00+322L°2 payipoN 20-N TN gez-wniuern i 86050-20 2002/p/9 | L002/8LIS 00:00 L0/8L/S0 NMONM SO 10-86050-20
6a0d 20-300'6 20-386'C 20-3¥8'S 20-3L¥'y PaYIPON Z0-N TN Seg-wniuen : 86050-20 | L00Z/v/9 1 L00Z/8LIS oL:LL 90/L2/LL $1L0L-6NS-SS4-1095 [ol4] ¥0-86050-20
6a0d 20-3€0°v 20-359°¢ 20-361°G c0-39v'v PSYIPON 20-N TN geg-wniueln | 86050-L0 £L002/%/9 | L00Z/8L/S OL:LL 90/12/L L GL0L-6NS-SS4-109S dna €0-86050-20
6p0d 20-359'8 20-3€L2 20-36¢°S 20-32v'e pauIpoW Zo-N TN geg-wniuely | 86050-20 2002/vi9 | L00Z/8L/S 00:00 2L0/81/50 MNV9 I8N 20-86050-20
6p0d 20-381L°8 20-35¥'9 10-392°L 10-360C PayipoiN 20-N TN gegg-wniueln ; 86050-20 1002/v/19 | L00Z/8LIS 00:00 £0/81/50 ERIE SO 10-86050-20
Bpod c0-30¢L 10-329°¢ palipoN 20-N TN geg-wnueln ! 86050-20 2002/v/19 | L00C/8LIS 00:00 £0/81/S0 NAONM SO 10-86050-L0
6pod 20-3¢29 10-3€€°L 10-309°C 10-32L6 paupolN 2o-N TN peg-wniueln | 86050-20 | L00Z/v/9 | L0OT/8LIS OL:LL 90/12/LL $10L-SNS-$S3-109S oa ¥0-86050-20
6n0d 20-368°L L0-351L°1 L0-3622 10-352°2 PaUIPON 20-N TN veg-wniueln | 860S0-20 | L002/v/9 | L0OZ/8L/S OL:LL 90/42/LL S1L0L-SNS-SS4-109S dna €0-86050-20
6pod 10-390°L 20-36v'v Z20-308'8 10-380°} pautpoN 20-N TN yeg-uniuein | 86050-20 2002/v/9 | L002/8L/S 00:00 £0/8L/50 MNY18 Jan 20-86050-20
Bpod LO-3LL°L 10-395°9 00+362°L 00+3LV°L paypoy 20-N TN yez-wniuein | 86050-/0 | 2002/¥/9 | L00Z/8L/S 00:00 £0/84/50 IHS SO1 10-86050-20
Bnod 10-3/8°2C 00+386°L PalipoN 20-N TN3 yeg-wniveln | 86050-20 2002/p/9 | 2002/8L/S 00:00 20/81/50 NMONM SO 10-86060-20
sHun al ajeq aeqg ayeq al adAL al
Hodey vaw nsd ns unsoy polRen akjeuy yojeg sisAjeuy jdiooay ejdweg UL TE) ejdwes qe
o) “XUJe ojdwes Z¥SLL AN ‘8A0D U9
IVINIWNOYIANT | AuobejeD sishieuy peoy |IIH g4eH £9 sisAjeuy jo poday jeuld
S3'000°L09S :18pIQ eseyaind a)ig punpadng uaysbuny 1N
86050-20 |05 wosutor poL S9JIAIRS dull19q3
- ~Spiejeq JepIQ) YoM I , 0] piodey , _

Z o Z obed Nd 1€:2 200Z/61/9 Pajuld




SECTION V

ANALYTICAL STANDARD




QA/G

Date M [nitials J&

C REVIEWED |CERTIFICATE OF CALIBRATION -8
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FABOR A

ALPHA STANDARD SOLUTION

Radionuclide: U-238NAT Customer: TMA EBERLINE
Half Life: (4.468 + 0.005) x 10™9 years P.O.No.: OR2778
Catalog No.: 7338 Reference Date: January 1 1995 12:00 PST.
Source No.: 479-50 Contained Radioactivity: (Total U) 8.016 uCi
Contained Radioactivity: (Total U) 297 kBq
Description of Solution
a. Mass of solution: 65.2896 g in a 50 ml flame sealed ampoule
b. Chemical form: Uranyl Nitrate in H20
c. Carrier content: None
d. Density: Approximately 1.3202 g/ml @ 20°C.
Radioimpurities Refer to attached technical data sheet
Radioactive Daughters
Refer to attached technical data sheet
Radionuclide Concentration
(Total U) 0.1228 KCi/g.
Method of Calibration

Activity calculations are based upon known specific activity and mass.

Uncertainty of Measurement
a. Systematic uncertainty in instrument calibration: +3.0%
b. Random uncertainty in assay: +0.0%
¢. Random uncertainty in weighing(s): +2.0%
d. Total uncertainty at the 99% confidence level: +3.6%

NIST Traceability

This calibration is implicitly traceable to the National Institute of Standards and Technology.

Leak Test(s)

See reverse side for Leak Test(s) applied to this source.

Notes

1. Nuclear data were taken from "Table of Radioactive Isotopes”, edited by Virginia S. Shirley, 1986.
2. IPL participates in an NIST measurement assurance program to cstablish and maintain implicit traceability for a number of nuclides,
based on the blind assay (and later NIST certification) of Standard Reference Materials (As in NRC Regulatory Guide 4.15).

3017 N. San FERNANDO BLvD.
BurBANK, CaLirORNIA 91504
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Rev.8; 11/01/03

[Principal Radionuclide
= 3’! ?l-‘_’u |

Radionuclide

Certified Activity| 8.016E+00

%EBERLINE

QUALITY CONTROL PROGRAM
MP-009

Titlo Rnduoadm Refersnea Standards Solutions & Records

" EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION RECERTIFICATION
MP 009

SOLUTION REFERENCE #|IPL 479-50

CURRENT DATEl 12/13/2006 0:00

" U8

"Half Life, Years Half Life, Days
4.468E+09 l 1.632E+12|
U Reference Date| - 17111995 0:00]
pCi
uCl per gram

Certified COncontratIon|

Ampouie /Solution Grossl 97.6400|Weight, Grams
Empty Ampoule 32.5020|Weight, Grams

Solution Net 65.1380{Weight, Grams

Total Activity in Ampoule| 8.0160]uCli

Chemical Composition of Standard SOIution

[Uranyi nitrate in dilute HNQ

And after dilution the activity of this solution ig 1.77955E+04| dpmlml.f.

Dilution Instructions: Dilution Solvent Used [1M HNO4 |
Dilute to a volume of 1000.00 milliliters
Certified Total Activity o 8.0160]uCi Which Equals | 1.780E+07|dpm at the date listed above

is activity concentration is based on the original
rence date listed above. All activities are

corrected to the date and time of analysis by the
laboratory data processing software.

Expiration Date:

Recertified By \\'\ ! SN Date:

Verified & Approved By

QC Approvai

N~

Date:

M Date:

| December 13, 2007 |

12/13/2006 0:00
1lafo
t)10 /07

i




%E BERLINE QUALITY CO:;I'.:’OL PROGRAM

Rev.8; 11/01/03
Title: Radicactive Reference Standards Solutions & Records

 EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

MP-009 Date 12/13/2006 0:00
Solution Reference #|IPL 479-50 . Solution#| = U8a =
R
Principal Radionuclide Half Life, Years Half Life, Days
E@ 4.468E+09 I 1.632E+12]
Radionuclide of Interest ' U Reference Date| 1/4/1995 0:00]

Parent Solution Conc.[ 1.7796E+04 |dpm/ml

Chemical Composition of Standard Solution
|Uranly Nitrate in 1M HNO, |

Dilution Instructions: Dilution Solvent Used [1M HNO,

SECONDARY VOLUMETRIC DILUTION

Vol. Parent Solution: 4.0000|ml

Total Activity:| 7.1182E+04]dpm Final Activity Concentration:| 7.1182E+01]dpm/ml
Final Volume: 1000.00|ml
This activity concentration is based on the original
NOTES: reference date listed above. All activities are
corrected to the date and time of analysis by the
ory data processing software.
Isotopic Distribution as:

U-238 Atom % = 48.238 U238 = 71.182 dpm/mi X 0.48249 = 34.345 dpm/ml
U235Atom % =226  U-236 = 71.182 dpnvmi X 0.0225 = 1.802 dpmvm
U-234 Atom % = 49.501 U-238 = 71.182 dpnvml X 0.48501 = 35.238 dpm/ml
All values +/- 3.6%

Expiration Date:l December 13, 2007 |

Isotopic ratios from manulacturer's data sheet

Recertified By \ o L Date:  12/13/2006 0:00

[———

Verified & Approved By pate:_3(5. /077

QC Approval _ Date: [ / {0 / 0/ 7

.
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Product Description & Measurement Certificate

Description Principal radionuclide:  uranium 232 (U-232)  Product code: UDP10050

Daughter Nuclide: Th-228 Batch Number: 92/232/67
Measurement  Reference date: 01 March 2000

Radioactive concentration U-232 6.739E+03 becquerels per gram of solution

which is equivalent to 1.821E-01 microcuries per gram of solution
- Mass of soluiion = 5.35¢€ granis

Volume of solution 5.035 millilitres

Total activity of U-232 3.61E+04 becquerels
which is equivalent to 9.76E-01 microcuries

Method of measurement (see reverse of this certificate)

Accuracy Random uncertainty is: + 0.7% Systematic uncertainty: + 0.5%
Overall uncertainty in the radioactive concentration quoted above: *1.7%
Overall uncertainty is defined on the reverse of this certificate.

Radionuclidic  Any radioactive impurities measured are listed below, expressed as percentages
Purity of the activity of the principle radionuclide at the reference date .

Th-228 and daughter activity removed 2 Feb 2000
U-232 daughters activity will increase with time. By alpha 88% U-232, 12% daughters on 1/3/00

Isotopic "he isotopic composition, expressed as atom per cent at the reference date .
Purity

ilub) A Not teasured el —_ — —
Chemical Calculated weight of U-232, 4.42E-08 grams, as 2M HNO3 solution in a flame sealed glass vial,
Composition This Tracer solution has been produced 'carrier free'.
Physical Recommended half life of uranium 232: 6.980E+01 years
Data Principle energies of alpha emissions (MeV): 5.263 31.7%, 5.320 68.0%

Branching ratio for alpha emission: 100%
Calculated specific activity of uranium 232: 8.167TE+05 Bq per microgram U-232.

Remarks For safety information and notes to ensure correct usage by all persons handling this radioactive Tracer
solution please read the instructions accompanying the package.

AEA Technology operates a quality management system which has been independently audited and

approved to ISO 9001.

Approved W M

Signatory W"‘ Project Ref. AE2315
Roger Wiltshire

Prepared and characterised in the UK, for world wide distribution by Isotrak, AEA Technology, QSA.

Trkcert.wps 10/03/00 AEA Technology is the trading name of AEA Technology ple




EBERLINE

' QUALITY CONTROL PROGRAM
[ SV E S MP-009

Rev.8; 110103

Title: Radioactive Reference Standards Solutions & Records

T T T EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION RECERTIFICATION

MP 009
CURRENT DATE[ __12/14/2006 0:00]
e QLU TION REFERENCE # 92/232/67 _| SOLUTION # e S-10
[Principal Radionuclide Half Life, Years Half Life, Days
é\u ] 7.200E+01 | 2.630E+04|
Radionuclide] 22U | Reference Date| . .- 3/1/20000:00]
Cortified Activity] 9.760E-01|uCi
Certified Concentration ‘ uCi per gram
Ampoule /Solution Grossl Weight, Grams
Empty Ampoule] [Weight, Grams
Solution Net Woeight, Grams
Total Activity in Ampoule] 0.9760|uCi

Chemical Composition of Standard Solution
[Z“U(NO;)s in 2M HNO; ‘ |

Dilution Instructions: Dilution Solvent Used [2M HNO, R |

Dilute to a volume of 1000.00 |milliliters

Certified Total Activity of 0.9760]uCi Which Equals | 2.167E+08]|dpm at the date listed above

This activity concentration is based on the original

And after dilution the activity of this solution is[ 2.167E+03]dpm/ml reference date listed above. Al activities are corrected
to the date and time of analysis by the laboratory data
processing software.

Expiration Date: [ December 14, 2007 |

Recertified By Y~ Date: 12/14/2006 0:00

Verified & Approved By pate:__; (9 (07

QC Approval @m Date: |/ / / /@7
/

7

—




Solution Reference #|AENAmersham 92/232/87 | Solution#| :- 'U-10a
Principal Radionuclide Half Life, Years Half Life, Days

(4]
i 7.200E+01 [ 2 630E+04]

Radionuclide of Interest

%E serpiyg  QUALITY CONTROL PROGRAM

Rev.8; 11/01/03
Title: Radloactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

MP-009 Date 12/14/2006 0:00

20

=y Reference Date| __3/1/2000 0:00|
Parent Solution Conc.|:- 2.167E+03 |dpm/ml

Chemical Composition of Standard Solution
{~“U(NOy)s in 2M HNOy |

IDilution Instructions: Dilution Solvent Used [2M HNO; -

SECONDARY VOLUMETRIC DILUTION

Vol. Parent Solution: ~ 10.0000]ml
Total Activity:]| 2.1670E+04|dpm Final Activity Concentration:| 2.1670E+01}dpm/mi
Final Volume: 1000.00]mi

This activity concentration is based on the original

NOTES: reference daﬁe listed above. All activities are
corrected to the date and time of analysis by the
laboratory data processing software.

Expiration Date: [December 14, 2007]
Recertified By A.,A\ Date:  12/14/2008 0:00
r <
Verified & Approved By Xh pate: [{& [Q >

QC Approval W%\L Date: [ , ! D,7

~




CERTIFICATE OF CALIBRATION
ALPHA STANDARD SOLUTION

Radionuclide: Th-232 Customer: TMA EBERLINE
Half Life:  (1.405+ 0.006) x 10"10 years P.O.No.: VH1632
Catalog No.: 7232 Reference Date: November 1 1993 12:00 PST.
Source No.: 435-104-2 Contained Radioactivity: ~ (Th-232) 0.0933 4Ci.
Contained Radioactivity:  (Th-232) 3.45 kBq.

Description of Solution

a. Mass of solution: 11.9712 g (in a 10 ml flame sealed ampoule)

b. Chemical form: Th(NQO3)4 in water

c. Carrier content: None added

d. Density: Approx. 1.21 g/ml @ 20°C.
Radioimpurities None detected (other than daughters).
Radioactive Daughters

Ra-228, Ac-228, Th-228, Ra-224, Rn-220, Po-216, Pb-212, Bi-212, Po-212, T1-208

Radionuclide Concentration
' (Th-232) 0.00779 uCilg.

Method of Calibration
Activity calculations are based upon known specific activity and mass.

Uncertainty of Measurement

a. Systematic uncertainty in instrument calibration: +3.0%

b. Random uncertainty in assay: +0.0%

¢. Random uncertainty in weighing(s): +2.0%

d. Total uncertainty at the 99% confidence level: +3.6%
NIST Traceability

This calibration is implicitly traceable to the National Institute of Standards and Technology.
Leak Test(s)
See reverse side for Leak Test(s) applied to this source.
Notes

1. Nuclear data were taken from "Table of Radioactive Isotopes”, edited by Virginia S. Shirley, 1986.
2. IPL participates in an NIST measurement assurance program to establish and maintain implicit traceability for a number of nuclides,
based on the blind assay (and later NIST certification) of Standard Reference Materials (As in NRC Regulatory Guide 4.15).

QUALITY CONTROL

Nev. %, /993
Date Signed

ISOTOPE PRODUCTS LABORATORIES
1800 North Keystone Street

Burbank, California 91504

(818) 843 - 7000




%EBER!;US!E MP-009

Rev.8; 110003
Title: Radioactive Reference Standards Solutions & Records

QUALITY CONTROL PROGRAM

Solution Net
Total Activity in Ampoule| 0.0933|uCi

Chemical Composition of Standard Solution
| Th(NOs), in H20 ‘ |

|Dilution Instructions:

Dilute to a volume of 000.00 |milliliters

Dilution Solvent Used

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION RECERTIFICATION

MP 009

. CURRENT DATE[ __12/14/2006 0:00
__SOLUTION REFERENCE #{IPL 4351042 | SOLUTION # 8 —
Half Life, Years Half Life, Days
1.405E+10 | 5.132E+12}
Radionuclide[ 2% 2Th | Reference Date|  11/1/1993 0:00]
Certified Activity[ - 9.330E-02].Ci
Certified Concentration] < uCi per gram

Ampoule /Solution Grossl 18.8415|Weight, Grams
Empty Ampoule 8.9296{Weight, Grams

11.9119{Weight, Grams

[1% Nitric Acid |

Certifled Total Activity of[___ 0.0933]uCi Which Equals |

2.071E+05]|dpm at the date listed above

And after dilution the activity of this solution is| 2.071E+02|dpm/ml

Recertiﬁedey>‘R Ao—

Verified & Approved By

QC Approval

This activity concentration is based on the original
reference date listed above. All activities are corrected
to the dats and time of analysis by the laboratory data
processing software.

Expiration Date: [ December 14, 2007 |

Date: 12/14/2006 0:00
Date: ( ( %{0)
pate: __| 1[0 7

i




¢ QUALITY CONTROL PROGRAM
%EBER&&E MP-009

Rev.8; 1/10/03
Title: Redicactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

MP-009 Date 12/14/2006 0:00
Solution Reference #[IPL 435-104-2 . | Solution#[ . Th#8b .

[Principal Radionuclide Half Life, Years Half Life, Days
ﬁl 1.405E+10 | 5.132E+12]

Radionuclide of interest . Reference Date| 11/171993 0:00|
Parent Solution Conc.| 2.07E+02 |dpm/mli

Chemical Composition of Standard Solution
[Th(NO,), in 1% HNO; - |

Dilution Instructions: Dilution Solvent Used |1% Nitric Acid

SECONDARY VOLUMETRIC DILUTION

Vol. Parent Solution: 500.0000]{ml

Total Activity:| 1.0355E+05|dpm Final Activity Concentration:| 1.0355E+02]|dpm/m|
Final Volume: 1000.00jml

This activity concentration is based on the original
NOTES: reference date listed above. All actlvities are
corrected to the date and time of analysis by the
laboratory data processing software.

ol
Expiration Date:| December 14, Zm

Recertified Bym ~A Date:  12/14/2006 0:00

——

Verified & Approved By Date: )/ 0[/{0”)
QC Approval Date: l [ [ I / Q 7

~




0A/QC REVIE E

Lar 19179
Date 0 / Initials
" Radionuclide Th-230
Half Life: (7.54 + 0.03) x 10°4 years
Catalog No.: 7230
Source No.: 388-116

Description of Solution
a. Mass of solution:
b. Chemical form:
¢, Carrier content:
d. Density:

Radioimpurities

RTIFICATE OF CALIBRATI
LPHA STANDARD SOLUTIO

Customer: TMA EBEkﬁﬂ\N“‘\@‘@@

P.O.No.: TT4944

Reference Date: November 1 1991 12:00 PST.

Contained Radioactivity: 1.036 4Ci.
5.0042 grams
Th(NO3)4 in 0.IN HNO3
None added
l-wl6 m/ml @ m'c.

See attached technical data sheet

Radioactive Daughters

See attached technical data sheet

Radionuclide Concentration

Method of Calibration

0.207

Weighed aliquots of the solution were assayed using a liquid scintillation counter.

Uncertainty of Measurement

8. Systematic uncertainty in instrument calibration: +2.0%
b. Random uncertainty in assay: +0.5%
¢. Random uncertainty in weighing(s): +0.2%
d. Total uncertainty at the 99% confidence level: +2.7%

NIST Traceability

This calibration is implicitly traceable to the National Institute of Standards and Technology.

Notes

1. Nuclear data were taken from "Table of Isotopes”, Seventh Edition, edited by Virginia S. Shirley.
2. IPL participates in an NIST measurement assurance program to establish and maintain implicit
traceability for a number of nuclides, based on the blind assay(and later NIST certification) of

Standard Reference Materials. (As in NRC Regulatory Guide 4.15)

1800 No. Keystone Street.,
Burbank, California 91504
(818) 843 - 7000

g QUALITY Cogzgié;

ISOTOPE PRODUCTS LABORATORIES

Qav

p#Ci/gram.
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\ %E sERLINE QUALITY CONTROL PROGRAM

Rev.8; 11/01/03
Title: Radioactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION RECERTIFICATION

MP 009

CURRENT DATE[ _ 12/30/2006 0:00

SOLUTION REFERENCE #[IPL 388-116 ] sowutioN# _In1 |
[Principal Radionuclide Half Life, Yoars " HalfLife, Days
~ ] T
Radionuclide[ 2 Thorium Reference Date| . 11/1/1991 0:00]
Certified Activity] 1.038E+00]|uCi
Certified Concentration pCi per gram

Ampoule /Solution Gross 9.2660|Weight, Grams
Empty Ampoule 4.6218]Weight, Grams
Solution Net 4.6442|Weight, Grams

Total Activity in Ampoule| 1.0360|uCi

Chemical Composition of Standard Solution
[**Th(NO,), in 0.1N HNO, |

Dilution Instructions: Dilution Solvent Used |0.1N HNO; ]

Diluté to a volume of 1000.00 |milliliters

Certified Total Activity o 1.0360|uCi Which Equals | 2.300E+06|dpm at the date listed above

This activity concentration Is based on the original

And after dilution the activity of this solution is{ 2.300E+03|dpm/ml eference date listed above. All activities are corrected
to the date and time of analysis by the laboratory data
processing software.

Expiration Date: | December 30, 2007 |

Recertified By }\/‘N S Date: 12/30/2006 0:00
Verified & Approved By ( \ pate:__t19,/0>
QC Approval Date: [/ /0/0 7

/




%E seryyye  QUALITY CONTROL PROGRAM

Rev.8; 11/01/03
Title:  Radioactive Reference Standards Solutions & Records
EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

MP-009 Date 12/30/2006 0:00
Solution Reference #|IPL 388-116 Solution # Thab
|Principal Radionuclide Half Life, Yoars Half Life, Days
ﬁh ] | 2.754E+07|

Radionuclide of Interest]

L Reference Date| 11/1/1991 0:00|
Parent Solution Conc.|

dpm/mi

Chemical Composition of Standard Solution
P®Th(NOs), in 0.IN HNO; _ ]

lmluﬂon Instructions: Dilution Solvent Used [0.1N HNO,

SECONDARY VOLUMETRIC DILUTION

Vol. Parent Solution: 10.0000iml
Total Activity:| 2.2999E+04|dpm Final Activity Concentration:| 2.2999E+01|dpmimi

Final Volume: 1000.00|ml

This activity concentration is based on the original
reference date listed above. All activities are

TES:
NOTES corrected to the date and time of analysis by the
laboratory data processing software.
Expiration Date:l December 30, 5557]
Recertified By N;\A ™~ . Date:  12/30/2006 0:00
R P / L

Verified & Approved By (  ( _A\

Date: __| (9.(0>

Date: {{&)&22

QC Approval
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o 24937 A Tibbitt
2 |50t0pe PrOdUCtS Valencia\,/((eir;:?or:wial91s355

Laboratories
Tel 661-309-1010
An Eckert & Ziegler Company Fax 661-257-8303

CERTIFICATE OF CALIBRATION
ALPHA STANDARD SOLUTION

Radionuelide:  Th-229 Customer: EBERLINE SERVICES

Half-life: 7340 t 160 years P.O. No.: 00009633

Catalog No.: 7229 Reference Date: 15-Jan-02 12:00 PST

Source No.: 867-54 Contained Radioactivity: 1.013 uCi 37.48 kBq

(Th-229 only)

Physical Description:

A. Mass of solution: 5.0147 g in 5 mL flame-sealed ampoule
B. Chemical form: Th(NQ;), in 0.1M HNO,

C. Carrier content: 10pg Th/mL

D. Density: 1.0016 g/mL @ 20°C.

Radioimpurities:
None detected (daughters in equilibrium)
Radionuclide Concentration: 0.2020 uCi/g, 7474  kBg/g
Method of Calibration:
This source was prepared from a weighed aliquot of solution whose activity in uCi/g was determined
using gamma ray spectrometry.
Peak energy used for integration: 193.5 keV

Branching ratio used: 0.0441 gammas per decay

Uncertainty of Measurement:

A. Type A (random) uncertainty: * 07%
B. Type B (systematic) uncertainty: * 30%
C. Uncertainty in aliquot weighing: * 00%
D. Total uncertainty at the 99% confidence level: * 31 %

Notes:

- See reverse side for leak test(s) performed on this source.

- IPL participates in a NIST measurement assurance program to establish and maintain implicit traceability
for a number of nuclides, based on the blind assay (and later NIST certification) of Standard Reference
Materials (As in NRC Regulatory Guide 4.15).

- Nuclear data was taken from |IAEA Technical Report Series No. 261.

- This solution has a working life of 5 years.

P
SR Y - Jeen-c2
" Quality Control Date Signed IPL Ref. No.: 867-54

1S0O 9001 CERTIFIED
Medical Imaging Laboratory Industrial Gauging Laboratory
24937 Avenue Tibbitts ~ Valencia, California 91355 1800 North Keystone Street  Burbank, California 91504




%E BERLINE QUALITY SP(-:::TROL PROGRAM

Rev.8; 171003
Tile: Radioactive Reference Standards Solutions & Records
- ' EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION RECERTIFICATION

MP 009

CURRENT DATE 1/3/2007 0:00

s OLUTION REFERENCE #|1PL 867-54 _|__SOLUTION # Th-18

Principal Radionuclide Half Life, Years Half Life, Days
ﬁ *Th__] 7.340E+03 | 2.681E+06]
Radionuclide] 2°Th Reference Date| 1/15/2002 0:00]
Certified Activity] 1.013E+00].Ci
Certified Concentration pCli per gram

Ampoule /Solution Gross[ 8.7752]Weight, Grams
Empty Ampoule 3.7591|Weight, Grams
Solution Net 5.0161|Weight, Grams

Total Activity in Ampoulej 1.0130|uCi

Chemical Composition of Standard Solution
[PETh(NOs), in 0.1M HNO, |

[Dilution Instructions: Dilution Solvent Used [0.1 M HNO, |

Dilute to a volume of| 1000.00 |milliliters

Certified Total Activity of| ___1.0130]uCi Which Equals [ 2.249E+06]dpm at the date listed above

. This activity concentration Is based on the original
And after dilution the activity of this solution isdpmlml reference date listed above. All activities are corrected
to the date and time of analysis by the laboratory data

procsssing software.

Expiration Date:| January 3, 2008 |

Recertified By ‘\4\. ” —~A N Date: 1/3/2007 0:00
Verified & Approved By /& \ Date: ¢( (9 [ 07

NS

QC Approval Date: __QM_ .

&




: QUALITY CONTROL PROGRAM
@éEBER'—'E 009

Rev.7; 9/20/99
Tite: Radloactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

MP-009 Date 1/3/2007 0:00
_ Solution Reference #[IPL 867-54 ] Solution # Th-18a
[Principal Radionuclide Half Life, Years Half Life, Days
’jh | 7.340E+03 | 2.681E+08|
Radionuclide of Interest] _ 2°Th Reference Date[  1/15/2002 0:00]

Parent Solution Conc. 2.25E+03 dpm/ml

Chemical Composition of Standard Solution
[TH(NOs)qin 0.1M HNO, |

IDilution Instructions: Dilution Solvent Used [0.1M HNO,

SECONDARY VOLUMETRIC DILUTION

Vol. Parent Solution: 10.0000]ml
Total Activity:]| 2.2490E+04|dpm Final Activity Concentration:| 2.2490E+01|dpm/ml
Final Volume: 1000.00|ml

This activity concentration is based on the original

NOTES: reference date listed above. All activities are
corracted to the date and time of analysis by the
laboratory data processing software.

Expiration Date:l January 3, 2008 |

Date: 1/3/2007 0:00

Date: _; (4. (®%
Date: !,//01/07

Recertified By

Verified & Approved By

QC Approval




- [3a-6

an
Rational Institute of Standards & Technology

Certificate

Standard Reference Material 4251C
Barium-133 Radioactivity Standard

This Standard Reference Material (SRM) consists of radioactive barium-133 chloride, non-radioactive barium
chloride, and hydrochloric acid dissolved in 5 mL of distilled water. The solution is contained in a flame-
sealed NIST borosilicate-glass ampoule. The SRM is intended for the calibration of ionization chambers and
solid-state gamma-ray spectrometry systems.

Radiological Hazard

The SRM ampoule contains barium-133 with a total activity of approximately 2.5 MBq. Barium-133 decays
by electron capture and during the decay process X-rays and gamma rays with energies from 4 to 400 keV are
emitted. Most of these photons escape from the SRM ampoule and can represent a radiation hazard.
Approximate unshielded dose rates at several distances (as of the reference time) are given in note [a]*.
Appropriate shielding and/or distance should be used to minimize personnel exposure. The SRM should be
used only by persons qualified to handle radioactive material.

Chemical Hazard

The SRM ampoule contains hydrochloric acid (HCI) with a concentration of 1 mole per liter of water. The
solution is corrosive and represents a health hazard if it comes in contact with eyes or skin. If the ampoule
is to be opened to transfer the solution, the recommended procedure is given on page 2. The ampoule should
be opened only by persons qualified to handle both radioactive material and strong acid solution.

Storage and Handling

The SRM should be stored and used at a temperature between S and 65 °C. The solution in an unopened
ampoule should remain stable and homogeneous until at least June 2004.

The ampoule (or any subsequent container) should always be clearly marked as containing radioactive
material. If the ampoule is transported it should be packed, marked, labeled, and shipped in accordance with
the applicable national, international, and carrier regulations. The solution in the ampoule is a dangerous
good (hazardous material) both because of the radioactivity and because of the strong acid.

Preparation
This Standard Reference Material was prepared in the Physics Laboratory, Ionizing Radiation Division,
Radioactivity Group, J.M.R. Hutchinson, Group Leader. The overall technical direction and physical
measurements leading to certification were provided by L.L. Lucas of the Radioactivity Group and D.B. Golas,
Nuclear Energy Institute Research Associate.

The support aspects involved in the preparation, certification, and issuance of this SRM were coordinated
through the Standard Reference Materials Program by N.M. Trahey.

Gaithersburg, Maryland 20899 Thomas E. Gills, Chief
October 1994 Standard Reference Materials Program

SRM 4251C, page 1 of 6 *Notes and references are on pages 5 and 6.




%E sERLINE QUALITY CONTROL PROGRAM

Rev.8; 111003
Title: Radioactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION RECERTIFICATION

QCP 009-1

CURRENT DATE 11/6/2006 0:00
SOLUTION REFERENCE #|NISTSRM4251C | SOLUTION#|  Baf

[Principal Radionuclide Half Life, Years === alf Lifo, Days
™ Barium | 1.048E+01 | 3.828E+03|

Radionuclide] "Barium Reference Dats| 9/1/1993 0:00|
Certified Activity pCl

Certified Concentration| 1.318E+01|uCi per gram

Ampoule /Solution Gross 9.3081|Weight, Grams
Empty Ampoule 4.2582]Weight, Grams
Solution Net 5.0499|Weight, Grams

Total Activity in Ampoule|  66.5577]uClI

Chemical Composition of Standard Solution
[*BaCl, in 1M HCI |

Dilution Instructions: Dilution Soilvent Used MIMHCI . |

Dilute to a volume of 1000.00 |milliliters

Certified Total Activity of 86.5577|uCi Which Equals | 1.478E+08]dpm at the date listed above

. . - . This activity concentration is based on the original
And after dilution the activity of this solution is| 1.478E+05]{dpm/mI reference date listed above. Al activities are corrected

to the date and time of analysis by the laboratory data
processing software.

Expiration Date:| November 6, 2007 |

Recertified By Date: 11/18/06
Verified & Approved By Date: |} /3,7/ 06
QC Approval 7 ] Date: 4 4:2 Z Za é
Z

e




: QUALITY CONTROL PROGRAM
%EBERHHE QoP008

Rev.8; 1111003
Title: Radioactive Refsrence Standards Solutions & Records

[, - J—

EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

QCP-009-1-A Date 11/6/06
Solution Reference # Solution#|  Ba6a
Principal Radionuclide Half Life, Yoars Half Life, Days
fﬁ ] | 3.828E+03)]

Radionuclide of Interest]  Ba Reference Date| 9/1/1983 0:00]
Parent Solution Conc.| 1.48E+05 [dpm/mI

Chemical Composition of Standard Solution
[*®BaCl, in 1M HC) -]

|Dilution instructions: Dilution Solvent Used {1M HCI

SECONDARY VOLUMETRIC DILUTION

Vol. Parent Solution: 25.0000]mi
Total Activity:| 3.6950E+06]dpm Final Activity Concentration: | 3.6950E+03]dpm/mi
Final Volume: 1000.00jml

This activity concentration is based on the originat

NOTES: reference date listed above. All activities are
corrected to the date and time of analysis by the
laboratory data processing software.

Expiration Date:l November 6, 2007 |

Recertified By | ‘3&)\ Date: 11/18/06

Verified & Approved By Date: _ 1) 237/%

QC Approval Date: / Z Z 2 :ZZ 9] é

-~




CERTIFICATE OF CALIBRATIONA/Q; %‘f‘{ﬁgwm
ALPHA STANDARD SOLUTION, 2/tht iy, i

Radionuclide: Ra-226 Customer: TMA EBERLINE
Half Life: 1600 + 7 years P.O.No.: VH1888
Catalog No.: 7226 Reference Date: February 1 1994 12:00 PST.
Source No.: 453-26 Contained Radioactivity: (Ra-226) 1.001 uCi.
Contained Radioactivity: (Ra-226) 37.0 kBq.
Description of Solution
a. Mass of solution: 5.1864 g (in a 5 ml Flame Sealed Ampoule)
b. Chemical form: Ra(NO3)2 in 1 N HNO3
¢. Carrier content: None added
d. Density: 1.0318 g/ml @ 20°C.
Radioimpurities None detected(other than daughters)
Radioactive Daughters
Rn-222, Po-218, At-218, Pb-214, Bi-214, Po-214, TI-210, Pb-210, Bi-210, Po-210 and TI1-206.
Radionuclide Concentration :
(Ra-226) 0.1929 ' uCig.
Method of Calibration

Weighed aliquots of the solution were assayed using gamma spectrometry:
Energy peak(s) integrated under: 186 keV.
Branching ratio(s) used: 0.0351 gamma rays per decay.

Uncertainty of Measurement

a. Systematic uncertainty in instrument calibration: +3.4%

b. Random uncertainty in assay: +3.1%

c. Random uncertainty in weighing(s): +0.2%

d. Total uncertainty at the 99% confidence level: +4.6%
NIST Traceability

This calibration is implicitly traceable to the National Institute of Standards and Technology.
Leak Test(s)
See reverse side for Leak Test(s) applied to this source.
Notes

1. Nuclear data were taken from "Table of Radicactive Isotopes”, edited by Virginia S. Shirley, 1986.
2. IPL participates in an NIST measurement assurance program to establish and maintain implicit traceability for a number of nuclides,
based on the blind assay (and later NIST certification) of Standard Reference Materials (As in NRC Regulatory Guide 4.15).

d"\"‘“ M . M{/\-\
QUALITY CONTROL

feb. 3, 1994
Date Signed

ISOTOPE PRODUCTS LABORATORIES
1800 North Keystone Street

Burbank, California 91504

(818) 843 - 7000




EBERLINE MP 009

% QUALITY CONTROL PROGRAM

Rev.8; 11/01/03
Title: RMoRmmdeuﬁom&Rm

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION RECERTIFICATION

MP 009

CURRENT DATE[ ___12/26/2006 0:00
SOLUTION REFERENCE #[IPL 453-26 —] SOLUTION#[—  Ra

[Principal Radionuclide Half Life, Years ' " Half Life, Days
®Radium | 1.600E+03; l 5.844E+05]
Radionuclide[ 2°Radium Reference Date| 21111994 0:00]
Certified Activity| 1.001E+00]uCi
Certified Concentration uCi per gram
Ampoule /Solution Gross Woeight, Grams
Empty Ampoule |Woeight, Grams
Solution Net Weight, Grams
Total Activity in Ampoulej 1.0010)uCi

Chemical Composition of Standard Solution
PRa(NOs), in 1M HNO, ]

[Pilution Instructions: Dilution Solvent Used {1M HNO, |

Dilute to a volume of 1000.00 |milliliters

Certified Total Activity of___ 1.0010]uCi Which Equals [ 2. 222E+06|dpm at the date listed above
. . is activity concentration is based on the original
And after dilution the activity of this solution is[ 2.222E+03]dpm/mi T e e, A activiies are comected
to the date and time of analysis by the laboratory data
processing software.

Expiration Date: [ December 29, 2007 |

Diluted m \\5)\ Date: 12/29/2006

Date:_ ;/9/0%
QC Approval pate: |[/] / /)‘/7

Verified & Approved By

e
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%E serying  QUALITY CONTROL PROGRAM

Rev.8; 11/01/03
Title: Radloactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

MP 009 Date[  12/29/2006 0:00}
Solution Reference #IIPL-45_3-26 | Solution # ~ Rabb_ —
#’rlnci al Radionuclide Half Life, Years Half Life, Days
ZRadium | 1.600E+03 { 5.844E+05|
Radlonuclide of Interest| 2>Radium Reference Date| 21111994 0:00}

Parent Solution Conc.| 2.22E+03 |dpm/ml

Chemical Composition of Standard Solution
[®Ra(NOs), in 1M HNO, |

——— _

|Dilution Instructions: Dilution Solvent Used [1M HNO, |

SECONDARY VOLUMETRIC DILUTION

Vol. Parent Solution: 20.0000]jmi _
Total Activlty:‘ 4.4440E+04|dpm Final Activity Concentration:| 4.4440E+01]dpm/ml
Final Volume: 1000.00}mi This activity concentration is based on the original
reference date listed above. All activities are
NOTES corrected to the date and time of analysis by the

laboratory data processing software.

Expiration Date:lﬁecember 29, 2507]

s R
Recertified By A P~ Date: 1/4/28086 0:00
Verified & Approved By @ﬂ)\/ﬁ‘é Y Date: 1|9 / 0%

Qc Approval_m Date: __| l” la Z




1380 Seaboard Industrial Blvd.

ANALYTICS Atanta, Georgia 30318 - U.S.A.

Phone (404) 352-8677
Fax  (404) 352-2837

CERTIFICATE OF CALIBRATION

Standard Radionuclide Source

61680-416
Ra-228 5 mL Liquid in Flame Sealed Vial
This standard radionuclide source was prepared
The

gravimetrically from a calibrated master solution.
master solution was calibrated using a germanium gamma

spectrometer system.

Radionuclide purity and calibration were checked using a
germanium gamma spectrometer system. The nuclear decay rate
and assay date for this source are given below.

ANALYTICS maintains traceability to the National Institute
of Standards and Technology through Measurements Assurance
Programs as described in USNRC Reg. Guide 4.15, Revision 1.

L.

ISOTOPE: Ra-228 ;..fa.
ACTIVITY (dps): 3.586 E3 é’g 3
HALF-LIFE: 5.75 years L =
CALIBRATION DATE: June 4, 2001 12:00 EST c:; g
TOTAL UNCERTAINTY*: 5.1% BRSNS
SYSTEMATIC: 3.6% TN
RANDOM : 1.5% :;

*99% Confidence Level

Impurities: y-impurities (other than decay products) <0.1%

5.00872 grams 0.1M HC1l solution with 50 pg/g Ba carrier.

P O NUMBER 00008864, Item 1

SOURCE PREPARED BY: ,4¢%<kZ§a///;7

r1e, Radlochemlst

Q A APPROVED: /(/Cébtu»// (L/V/U/




% EBERLINE QUALITY CONTROL PROGRAM

SeERVICES “’M

Rev.8; 11003
Titie: Radloactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION RECERTIFICATION

MP 009
_ CURRENT DATE 12/29/2006 0:00
_____ SOLUTION REFERENCE #[Analyfics 67680416 ] SOLUTION#[—— Rai0 | |
Principal Radionuclide Half Life, Years Half Life, Days
fRa, | 5.750E+00 | 2.100E+03|
Radionuclide] 2'Ra_ | Reference Date| 6/4/2001 0:00]
Certified Activity| 9.692E-02]uCi
Certified Concentration uCi per gram

Ampoule /Solution Gross] - 9.4982|Weight, Grams
Empty Ampoule 4.4895|Weight, Grams
Solution Net 5.0087 |Weight, Grams

Total Activity in Ampoule| 0.0969|uCi

Chemical Composition of Standard Solution
[PRa(NO;), in 0.5 M HCI ]

Dilution Instructions: Dilution Solvent Used [OEMHAC ]

Dilute to a volume of 1000.00: [milliliters

Certified Total Activity of! 0.0969|uCi i | 2.152E+05]dpm at the date listed above
Which Equals

. . s This activity concentration is based on the original
And after dilution the activity of this solution is[ 2.152E+02]dpm/m! reforence dute listed above. All activities are corrected

to the dats and time of analysis by the laboratory data
processing software.

Expiration Date:| December 29, 2007 |

Remmmmﬂi Date:  12/29/2006 0:00
Verified & Approved By M/\ \ Date: l( a ( o7

QC Approval ﬁ ‘/,,, \j\_) : Date: __ | / /! / 6”7

/




SECTION VI

QUALITY CONTROL SAMPLE RESULTS SUMMARY
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ISO-U NOTES




Printed: 5/23/2007 8:46 AM Page 1 of 1
Oak Rldge Laboratory Internal Work Order 07-05098
EBERILINE 601 Scarboro Rd.
SERVICES Oak Ridge, TN 37830 Analysi
N ysis Code
Work Order Analysis Notes Voice: 865.481.0683 UuUISO
www.eberlineservices.com Run Number 1
# Date Dept User Notes
1} 05/23/07 08:45 PREP JBARNARD ALIQUOTED AND ADDED SPIKES AND TRACERS- ADDED HF AND DRIED SAMPLES DOWN UNTIL
NEAR DRY- ADDED MIXED ACIDS AND TOOK SAMPLES TO DRYNESS

S RAsY Y




Printed: 5/31/2007 6:29 PM

Page 1 of 1

EBERLINE

SERVICES

Oak Ridge Laboratory

601 Scarboro Rd.
Oak Ridge, TN 37830

Internal Work Order

07-05098

N Analysis Code
Work Order Analysis Notes Voice: 865.481.0683 UU ISO
y www.eberlineservices.com R 1
un Number
# Date Dept User Notes
1 05/23/07 08:45 PREP JBARNARD ALIQUOTED AND ADDED SPIKES AND TRACERS- ADDED HF AND DRIED SAMPLES DOWN UNTIL

NEAR DRY- ADDED MIXED ACIDS AND TOOK SAMPLES TO DRYNESS

2 05/31/07 18:29 CHEM CMCCUNE

Used column separation technique to elute Uranium fraction (steps 12.2 to 12.2.7 in AP-005 Rev. 9)

gl - e Stue




Printed: 6/1/2007 5:46 AM

EBERLINE

SERVICES

Work Order Analysis Notes

Page 1 of 1
Oak Ridge Laboratory
601 Scarboro Rd.

Internal Work Order 07-05098
Oak Ridge, TN 37830

Voice: 865.481.0683 Analysis Code UUISO

www.eberlineservices.com Run Number 1
# Date Dept User Notes
1 05/23/07 08:45 PREP JBARNARD ALIQUOTED AND ADDED SPIKES AND TRACERS- ADDED HF AND DRIED SAMPLES DOWN UNTIL
NEAR DRY- ADDED MIXED ACIDS AND TOOK SAMPLES TO DRYNESS
| 2 05/31/07 18:29 CHEM CMCCUNE Used column separation technique to elute Uranium fraction (steps 12.2 to 12.2.7 in AP-005 Rev. 9)
3 06/01/07 05:46 CHEM TSMITH Followed steps 12.2.7 to 12.5.5 in AP-005 rev. 9 . ( Precipitated and filtered samples )




Eberline Services

Printed: 6/1/2007 6:17 AM

Oak Ridge Laboratory Page 1 of 1
Internal Work Order
& EBERLINE 07-05098
: SERVICES Analysis Code Run
Reagents Used in an Analysis UUISO 1
Reagent Reagent Reagent Analyst Date
D Name Concentration 1D Recorded
005599pP Hydrofluoric Acid Reagent Grade JBARNARD 5/23/2007
005597P Nitric Acid Reagent Grade JBARNARD 5/23/2007
005713P Nitric Acid Reagent Grade JBARNARD 5/23/2007
004527P Sulfuric Acid Reagent Grade JBARNARD 5/23/2007
005790pP Anion Exchange Resin Reagent Grade TSMITH 5/31/2007
0057558 HCI - HF 6.5N - 0.04N CMCCUNE 5/31/2007
005532D09 Hydrochloric Acid CMCCUNE 5/31/2007
005592S Hydrochloric Acid CMCCUNE 5/31/2007
005800S Hydrochloric Acid CMCCUNE 5/31/2007
005764pP Hydrochloric Acid Reagent Grade CMCCUNE 5/31/2007
005790P Anion Exchange Resin Reagent Grade CMCCUNE 5/31/2007
0058145 HCI - NH4l 8N - 0.1M CMCCUNE 5/31/2007
0055545 Neodymium Carrier 1 mg/ml TSMITH 6/1/2007
005601P Reagent Alcohol Reagent Grade TSMITH 6/1/2007
005345P Titanous Chloride Reagent Grade TSMITH 6/1/2007
005772P Hydrofluoric Acid Reagent Grade TSMITH 6/1/2007
005788S Carbon substrate TSMITH 6/1/2007
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ISO-TH NOTES




Printed: 5/23/2007 8:45 AM Page 1 of 1
Oak Rldge Laboratory Internal Work Order 07_05098
EBERLINE 601 Scarboro Rd.
SERVICES Oak Ridge, TN 37830 Analysis Code Th|SO

Voice: 865.481.0683

Work Order Analysis Notes

www.eberlineservices.com Run Number 1
# Date Dept User Notes
1} 05/23/07 08:45 PREP JBARNARD ALIQUOTED AND ADDED SPIKES AND TRACERS- ADDED HF AND DRIED SAMPLES DOWN UNTIL

NEAR DRY- ADDED MIXED ACIDS AND TOOK SAMPLES TO DRYNESS- PRECIPITATED WITH
POTASSIUM SULFATE AND BA AND CARRIER- DECANTED SAMPLES AND CENTRIFUGED- ADDED
.25M EDTA TO PRECIP, VORTEXED AND PUT SAMPLES IN A HOT WATER BATH- ADDED 10M KOH
AND TICL3 AND PUT SAMPLES BACK IN THE HOT WATER BATH- VORTEXED AND CENTRIFUGED-
ADDED 30MLS OF 8N HNO3 TO THE THORIUM PRECIP, VORTEXED AND SUBMITTED TO
SEPARATIONS

o

¥%( e ”*:*Fl-m
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Printed: 5/31/2007 6:06 AM

Page 1 of 1

EBERLINE

SERVICES

Work Order Analysis Notes

Oak Ridge Laboratory
601 Scarboro Rd.

Internal Work Order 07-05098

Oak Ridge, TN 37830
Voice: 865.481.0683

Analysis Code Th ISO

www.eberlineservices.com Run Number 1

Date

Dept

User

Notes

-l

05/23/07 08:45

PREP

JBARNARD

ALIQUOTED AND ADDED SPIKES AND TRACERS- ADDED HF AND DRIED SAMPLES DOWN UNTIL

NEAR DRY- ADDED MIXED ACIDS AND TOOK SAMPLES TO DRYNESS- PRECIPITATED WITH

POTASSIUM SULFATE AND BA AND CARRIER- DECANTED SAMPLES AND CENTRIFUGED- ADDED
.25M EDTA TO PRECIP, VORTEXED AND PUT SAMPLES IN A HOT WATER BATH- ADDED 10M KOH
AND TICL3 AND PUT SAMPLES BACK IN THE HOT WATER BATH- VORTEXED AND CENTRIFUGED-

ADDED 30MLS OF 8N HNO3 TO THE THORIUM PRECIP, VORTEXED AND SUBMITTED TO
SEPARATIONS

05/30/07 09:26

CHEM

TSMITH

Followed steps 12.3 to 12.3.4 in AP-005 rev. 9 . { Column separation for Thorium )

w

05/31/07 06:06

CHEM

TSMITH

Followed steps 12.3.4 to 12.5.5 in AP-005 rev. 9 . ( Precipitated and filtered sampies )




Eberline Services

Printed: 5/31/2007 6:15 AM

Oak Ridge Laboratory Page 1 of 1
Internal Work:Order
& EBERLINE 07-05098
SERVICES Analysis Code Run
Reagents Used in an Analysis ThISO 1
Reagent Reagent Reagent Analyst Date
iD Name Concentration 1D Recorded
003255D21 Barium Carrier 50 mg/ml JBARNARD 5/23/2007
005751S EDTA 0.25M JBARNARD 5/23/2007
005599P Hydrofluoric Acid Reagent Grade JBARNARD 5/23/2007
005531D14 Nitric Acid 8N JBARNARD 5/23/2007
005713P Nitric Acid Reagent Grade JBARNARD 5/23/2007
005486P Perchloric Acid Reagent Grade JBARNARD 5/23/2007
001365D03 Potassium Hydroxide 10M JBARNARD 5/23/2007
005600P Potassium Sulfate Reagent Grade JBARNARD 5/23/2007
004527pP Sulfuric Acid Reagent Grade JBARNARD 5/23/2007
004692P Titanous Chloride Reagent Grade JBARNARD 5/23/2007
0057865 Nitric Acid 8N TSMITH 5/30/2007
005800S Hydrochloric Acid 8N TSMITH 5/30/2007
005778S Carbon substrate Solution TSMITH 5/31/2007
000051D11 Cerium Carrier (Alpha iso) Solution TSMITH 5/31/2007
005599pP Hydrofluoric Acid Reagent Grade TSMITH 5/31/2007
005601P Reagent Alcohol Reagent Grade TSMITH 5/31/2007
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RA-226 NOTES




Printed: 5/23/2007 8:43 AM Page 1 of 1
Oak Rldge Laboratory Internal Work Order 07_05098
EBERLINE 601 Scarboro Rd.
SeERVIcES Oak Ridge, TN 37830 Anslysis Code R8226

Voice: 865.481.0683

Work Order Analysis Notes

www.eberlineservices.com Run Number 1
# Date Dept User Notes
1] 05/23/07 08:43 PREP JBARNARD ALIQUOTED AND ADDED SPIKES AND TRACERS- ADDED HF AND DRIED SAMPLES DOWN UNTIL

NEAR DRY- ADDED MIXED ACIDS AND TOOK SAMPLES TO DRYNESS- PH'D SAMPLES TO 2.8-3.0-
PRECIPITATED WITH POTASSIUM SULFATE AND BA AND PB CARRIERS- DECANTED SAMPLES AND
CENTRIFUGED- ADDED .25M EDTA AND PHENOLPTHALEIN TO PRECIP, VORTEXED AND PUT
SAMPLES IN A HOT WATER BATH- VORTEXED AND CHECKED PH- CENTRIFUGED AND
TRANSFERRED SUPERNATE INTO CLEAN C-TUBES AND SUBMITTED TO SEPARATIONS

/23l




Printed: 5/29/2007 12:05 PM Page 1 of 1
Oak Rldge Laboratory Internal Work Order 07-05098
EBERLINE 601 Scarboro Rd.
SERVICES Oak Ridge, TN 37830 Analysi
. ysis Code
Work Order Analysis Notes Voice: 865.481.0683 Ra226
www.eberlineservices.com Run Number 1
Date Dept User Notes
05/23/07 08:43 PREP JBARNARD ALIQUOTED AND ADDED SPIKES AND TRACERS- ADDED HF AND DRIED SAMPLES DOWN UNTIL
NEAR DRY- ADDED MIXED ACIDS AND TOOK SAMPLES TO DRYNESS- PH'D SAMPLES TO 2.8-3.0-
PRECIPITATED WITH POTASSIUM SULFATE AND BA AND PB CARRIERS- DECANTED SAMPLES AND
CENTRIFUGED- ADDED .25M EDTA AND PHENOLPTHALEIN TO PRECIP, VORTEXED AND PUT
SAMPLES IN A HOT WATER BATH- VORTEXED AND CHECKED PH- CENTRIFUGED AND
TRANSFERRED SUPERNATE INTO CLEAN C-TUBES AND SUBMITTED TO SEPARATIONS
05/29/07 12:02 CHEM DJOHNSON Received samples in EDTA from prep lab. Re-precipitated samples with glacial acetic acid and ammonium

sulfate. TO time of 1050 hours was recorded.Filtered samples on tarred filters and then rinsed c-tubes and
funnels with diH20 and filtered. Dried and reweighed samples. Submitted samples to the count room.

shalo




Eberline Services

Printed: 5/29/2007 4:28 PM

Oak Ridge Laboratory Page 1 of 1
Internal Work Order
& EBERLINE 07-05098
* SERVICES Analysis Code Run
Reagents Used in an Analysis Ra226 1
Reagent Reagent Reagent Analyst Date
ID Name Concentration ID Recorded
004856P Ammonium Hydroxide Reagent Grade JBARNARD 5/23/2007
003255D24 Barium Carrier 1 mg/ml JBARNARD 5/23/2007
005751S EDTA 0.25M JBARNARD 5/23/2007
005599P Hydrofluoric Acid Reagent Grade JBARNARD 5/23/2007
004484D03 Lead Carrier 40 mg/ml JBARNARD 5/23/2007
005713P Nitric Acid Reagent Grade JBARNARD 5/23/2007
005486P Perchloric Acid Reagent Grade JBARNARD 5/23/2007
003643S Phenolphthalein Indicator 0.1% JBARNARD 5/23/2007
005600P Potassium Sulfate Reagent Grade JBARNARD 5/23/2007
004527P Sulfuric Acid Reagent Grade JBARNARD 5/23/2007
000868P Acetic Acid Reagent Grade DJOHNSON 5/29/2007
005186D04 Ammonium Sulfate 200 mg/ml DJOHNSON 5/29/2007
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RA-228 NOTES




Printed: 5/23/2007 8:43 AM Page 1 of 1
Oak Rldge Laboratory Internal Work Order 07_05098
EBERLINE 601 Scarboro Rd.
SERVICES Oak Ridge, TN 37830 Analysis Code Ra228

Voice: 865.481.0683

Work Order Analysis Notes

www.eberlineservices.com Run Number 1
# Date Dept User Notes
1 05/23/07 08:43 PREP JBARNARD ALIQUOTED AND ADDED SPIKES AND TRACERS- ADDED HF AND DRIED SAMPLES DOWN UNTIL

NEAR DRY- ADDED MIXED ACIDS AND TOOK SAMPLES TO DRYNESS- PH'D SAMPLES TO 2.8-3.0-
PRECIPITATED WITH POTASSIUM SULFATE AND BA AND PB CARRIERS- DECANTED SAMPLES AND
CENTRIFUGED- ADDED .25M EDTA AND PHENOLPTHALEIN TO PRECIP, VORTEXED AND PUT
SAMPLES IN A HOT WATER BATH- VORTEXED AND CHECKED PH- CENTRIFUGED AND
TRANSFERRED SUPERNATE INTO CLEAN C-TUBES AND SUBMITTED TO SEPARATIONS

=j23)o—




Printed: 6/14/2007 9:05 AM

Page 1 of 1

EBERLINE

SERVICES

Work Order Analysis Notes

Oak Ridge Laboratory Internal Work Order 07-05098
601 Scarboro Rd.

Oak Ridge, TN 37830 is Cod
Voice: 865.481.0683 Analysis Code Ra228

www.eberlineservices.com

Run Number 1

Date Dept User

Notes

05/23/07 08:43 PREP JBARNARD

ALIQUOTED AND ADDED SPIKES AND TRACERS- ADDED HF AND DRIED SAMPLES DOWN UNTIL
NEAR DRY- ADDED MIXED ACIDS AND TOOK SAMPLES TO DRYNESS- PH'D SAMPLES TO 2.8-3.0-
PRECIPITATED WITH POTASSIUM SULFATE AND BA AND PB CARRIERS- DECANTED SAMPLES AND
CENTRIFUGED- ADDED .25M EDTA AND PHENOLPTHALEIN TO PRECIP, VORTEXED AND PUT
SAMPLES IN A HOT WATER BATH- VORTEXED AND CHECKED PH- CENTRIFUGED AND
TRANSFERRED SUPERNATE INTO CLEAN C-TUBES AND SUBMITTED TO SEPARATIONS

05/30/07 06:22 CHEM DJOHNSON

Filters were returned from the count room and were placed into centrifuge tubes with EDTA. LCS sample filter
came from count room folded/bent not sure if this will have caused any precipitate to fall off.

06/04/07 09:33 CHEM DJOHNSON

Removed filters from soaking and discarded them. Adjusted PH and added Yttrium carrier. Removed Lead
interferences through two Lead Sulfide precipitations.

06/14/07 09:03 CHEM DJOHNSON

Added 10mis of 18M NaOH to samples and recorded T1 time of 0650 hours for samples. Hot bathed and
centrifuged samples. The supernates were discarded. Dissolved samples in 2mis of 6N HNO3. Then added
5mis of DiH20 and 3mis of 10M NaOH.

06/14/07 09:03 CHEM DJOHNSON

Then vortexed, hot bathed and centrifuged samples. The supernates were discarded. Then added 2mls of 1N
HNO3 and 2mis of 5% Ammonium Oxalate. Samples were vortexed, hot bathed and centrifuged. The
supernates were then discarded. The precipitates were

06/14/07 09:03 CHEM DJOHNSON

slurried with 5mis of DiH20 and vortexing. The samples were filtered on tarred filters. The c-tubes and funnels
were rinsed with DiH20 and filtered. The filters were dried and reweighed. Mounted samples on planchets.

06/14/07 09:03 CHEM DJOHNSON

Samples were covered in aluminum foil and submitted to the count room.

il




Eberline Services

Printed: 6/14/2007 9:01 AM

Oak Ridge Laboratory Page 1 of 1
Internal Work Order
EBERLINE 07-05098
SERVICES Analysis Code Run
Reagents Used in an Analysis Ra228 1
Reagent Reagent Reagent Analyst Date
1D Name Concentration 1D Recorded
004856P Ammonium Hydroxide Reagent Grade JBARNARD 5/23/2007
0057515 EDTA 0.25M JBARNARD 5/23/2007
005599P Hydrofluoric Acid Reagent Grade JBARNARD 5/23/2007
004484D03 Lead Carrier 40 mg/ml JBARNARD 5/23/2007
005713P Nitric Acid Reagent Grade JBARNARD 5/23/2007
005486P Perchloric Acid Reagent Grade JBARNARD 5/23/2007
003643S Phenolphthalein Indicator 0.1% JBARNARD 5/23/2007
005600P Potassium Sulfate Reagent Grade JBARNARD 5/23/2007
004527pP Sulfuric Acid Reagent Grade JBARNARD 5/23/2007
003255D24 Barium Carrier 1 mg/mi JBARNARD 5/23/2007
005780S EDTA 0.25M DJOHNSON 6/4/2007
004879P Nitric Acid Reagent Grade DJOHNSON 6/4/2007
000994S Yttrium Carrier 9 mg/ml DJOHNSON 6/4/2007
001848D14 Lead Carrier 1.5 mg/ml DJOHNSON 6/4/2007
004908D44 Ammonium Sulfide 2% DJOHNSON 6/4/2007
000037D02 Ammonium Oxalate 5% DJOHNSON 6/14/2007
005026D03 Nitric Acid 1N DJOHNSON 6/14/2007
005700D01 Nitric Acid 6N DJOHNSON 6/14/2007
004831D10 Sodium Hydroxide 10M DJOHNSON 6/14/2007
003809D10 Sodium Hydroxide 18M DJOHNSON 6/14/2007
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SECTION VIII

ANALYTICAL DATA (ISOTOPIC URANIUM)
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Eberline Services
Oak Ridge Laboratory

ALPHA SPECTROMETRY REPORT
4-JUN-2007 09:11:23

*******************************************************************************

Spectral File: ND_AMS ARCHIVE C:C 0705098A-UUS01 UU.CNF

*******************************************************************************
*

BATCH ID: 0705098A-UU * SAMPLE ID: 01
SAMPLE DATE: 4-JUN-2007 00:00 * ALIQUOT: 1.000E+00 gram
SAMPLE TITLE: SPIKE * DETECTOR NUMBER: 002
ACQ DATE: 4-JUN-2007 06:10 * AVERAGE EFFICIENCY: 19.87%
ELAPSED LIVE TIME: 10205. * RECOVERY : 93.26%
TRACER ID: UU-10A * TRACER FWHM (kev) : 68.95
LAMBDA VALUE: 620. * ROI TYPE: STANDARD
TRACER DPM AT SAMPLE DATE: 12.660 * CONFIDENCE FACTOR: 4.65
SAMPLE MATRIX: SCIL * LLD CONSTANT: 2.71
ENERGY CAL DATE: 1-JUN-2007 08:23 * EFF CAL DATE: 1-JUN-2007 08:23
BKG FILENAME: B _002_1JUNO7 * BKG ELAPSED TIME: 60008.

*
*******************************************************************************

NUCLIDE ACTIVITY SUMMARY

NUCLIDE ENERGY NET BKG 5ABN ACTIVITY TPU/ERROR MDC

' AREA pCi/ gram 2-SIGMA pCi/ gram
U232 5302.5 398.15 0.85 99.8 5.703E+00 7.443E-01 1.002E-01
U-234 4761.5 521.64 1.36 99.8 7.471E+00 1.285E+00 1.165E-01
U-235 4385.5 11.83 0.17 80.9 2.090E-01 1.264E-01 8.177E-02
U-236 4485.2 1.83 0.17 90.1 2.903E-02 4.540E-02 7.342E-02
U-238 4184 .4 541.66 0.34 100.2 7.725E+00 1.322E+00 7.732E-02

*******************************************************************************

647

Date

w2l

¢/ 4

Reviewer /J Date

Analyst [
payly.
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Channel Contents for ND AMS ARCHIVE

Channel




Eberline Services
Oak Ridge Laboratory

Gross Sample Counts Within Peak Regions Generated: 4-JUN-2007 09:11:19.79
Detector ID: 2 Acquisition Start: 4-JUN-2007 06:10:16.01
Live Time: 0 02:50:05.00 Real Time: 0 02:50:05.00
Batch Id: 0705098A-UU Sample Id: 01
Sample Type: UU
Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec $Err Fit
1 0 4160.71 542 0 86.13 216.33 163 91 5.31E-02 4.3
2 0 4376.26 12 0 7.12 288.33 263 43 1.18E-03 28.9
3 0 4489.82 2 0 61.56 326.50 308 30 1.96E-04 70.7
4 0 4742.63 523 0 97.32 412.06 364 82 5.12E-02 4.4
5 0 5283.89 399 0 68.95 598.10 552 76 3.91E-02 5.0
Background Counts Within Peak Regions Generated: 4-JUN-2007 09:11:21.66
Acquisition Start: 1-JUN-2007 20:09:37.01
Live Time: 0 16:40:08.00 Real Time: 0 16:40:08.00
Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec $Err Fit
1 0 4139.43 2 0157.93 208.00 163 91 3.33E-05 70.7
2 0 4365.67 1 0 3.04 284.00 263 43 1.67E-05100.0
3 0 4479.74 1 0 3.04 322.50 308 30 1.67E-05100.0
4 0 4721.49 8 0218.67 404.50 364 82 1.33E-04 35.4
5 0 5260.86 5 0 0.00 589.50 552 76 8.33E-05 44.7
Net Sample Counts Within Peak Regions Generated: 4-JUN-2007 09:11:21.93
Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit
1 0 4160.71+* 542 0 86.13 216.33 163 91 5.31E-02 4.3
2 0 4376.26%* 12 0 7.12 288.33 263 43 1.16E-03 29.3
3 0 4489.82% 2 0 61.56 326.50 308 30 1.79E-04 77.8
4 0 4742.63* 522 0 97.32 412.0s6 364 82 5.11E-02 4.4
5 0 5283.89* 398 0 68.95 598,10 552 76 3.90E-02 5.0

Flag: "*" = Peak area was modified by background subtraction




VMS Nuclide Identification Report V3.0 Generated

Configuration

Analyses by

Sample title

Sample date

Sample ID

Sample type

Detector name :
Elapsed live time:
Energy tolerance

MCAQ : [AMSCOUNT] 0001DD76%1
ROIPEAK V1.2, PEAKEFF V2.2, ENBACK V1.6,NID V3.3

SPIKE

4-JUN-2007 00:00:00

01
Uuu
002

Errors propagated: Yes

Efficiency type
Abundance limit

Post-NID Peak Search Report

It

loNeNoNeNe]

Energy

4160.
4376.
44809.
4742 .
5283.

71*
26%
82*
63%
89*

Area

Average value
75.00

542 86.13
12 7.12
2 61.56
522 97.32
398 68.95

0 02:50:05.00
100.00 kev

216
288
326

FWHM Channel

.33
.33
.50
412.
598.

06
10

Left

163
263
308
364
552

Acquisition date
Sample quantity
Sample geometry

Detector geometry:
Elapsed real time:

Half life ratio
Systematic Error
Efficiencies at

Pw %Err Fit

91 8.
43 58.
30155.
82 8.
76 10.

O WO ~Jo0y O

4-JUN-2007 09:11:22

4-JUN-2007 06:10:16
1.0000 gram

0 02:50:05.00 0.0%

8.00
3.00

[
)

Peak Energy

Nuclides

U-238
U-235
U-236
U-234
U232

Activity
pCi/gram

7.20
0.195
2.708E-02

6.97

5.32




Eberline Services
Oak Ridge Laboratory

ALPHA SPECTROMETRY REPORT
4-JUN-2007 09:11:35

*******************************************************************************

Spectral File:

ND_AMS_ARCHIVE_R:R_0705098A-UU$02_UU.CNF

*****************;*************************************************************

BATCH 1ID:
SAMPLE DATE:

0705098A-UU
4-JUN-2007 00:00

SAMPLE TITLE: BLANK
ACQ DATE: 4-JUN-2007 06:10
ELAPSED LIVE TIME: 10202.
TRACER ID: UU-10A
LAMBDA VALUE: 615.
TRACER DPM AT SAMPLE DATE: 12.552
SAMPLE MATRIX: SOIL

ENERGY CAL DATE:
BKG FILENAME:

1-JUN-2007 08:23
B_003_1JUNO7

*

ok o E % Ok % %k ok F ¥

*

SAMPLE ID: 02
ALIQUOT: 1.000E+00 gram
DETECTOR NUMBER: 003
AVERAGE EFFICIENCY: 20.31%
RECOVERY : 86.22%
TRACER FWHM (kev) : 75.64
ROI TYPE: STANDARD
CONFIDENCE FACTOR: 4.65
LLD CONSTANT: 2.71
EFF CAL DATE: 1-JUN-2007 08:23
BKG ELAPSED TIME: 60004 .

*******************************************************************************

NUCLIDE ACTIVITY SUMMARY

NUCLIDE ENERGY NET BKG $ABN
AREA

U232 5302.5 372.98 1.02 99.8

U-234 4761.5 7.15 0.85 99.8

U-235 4385.5 1.83 0.17 80.9

U-236 4485.2 0.49 0.51 50.1

U-238 47 1.53 100.2

4184 .4 1.

ACTIVITY TPU/ERROR MDC
pCi/ gram 2-SIGMA pCi/ gram
5.654E+00 7.525E-01 1.123E-01
1.084E-01 8.804E-02 1.061E-01
3.422E-02 5.352E-02 8.653E-02
8.226E-03 3.503E-02 1.013E-01
2.219E-02 5.461E-02 1.277E-01

*******************************************************************************

— akdn
Analysw Date
%M p@%@/ ¢ (457
Date

Reviewer/ V/4 ﬂ
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0705098A-UU$02_UU

E_R:R

Channel Contents for ND AMS ARCHIV

Channel




Eberline Services
Oak Ridge Laboratory

Gross Sample Counts Within Peak Regions Generated: 4-JUN-2007 09:11:30.68
Detector ID: 3 Acquisition Start: 4-JUN-2007 06:10:28.01
Live Time: 0 02:50:02.00 Real Time: 0 02:50:02.00
Batch Id: 0705098A-UU Sample Id: 02
Sample Type: UU
Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec $Err Fit
1 0 4214.34 3 0 3.08 234.33 163 91 2.94E-04 57.7
2 0 4358.74 2 0 24.65 282.50 263 43 1.96E-04 70.7
3 0 4455.75 1 0 3.08 315.00 308 30 9.80E-05100.0
4 0 4739.58 8 0175.64 410.75 364 82 7.84E-04 35.4
5 0 5285.89 374 0 75.64 597.93 551 76 3.67E-02 5.2
Background Counts Within Peak Regions Generated: 4-JUN-2007 09:11:32.68
Acquisition Start: 1-JUN-2007 20:09:41.01
Live Time: 0 16:40:04.00 Real Time: 0 16:40:04.00
Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec $Err Fit
1 0 4138.73 S 0244.54 208.00 163 91 1.50E-04 33.3
2 0 4365.99 1 0 3.06 284.00 263 43 1.67E-05100.0
3 0 4480.52 3 0 48.91 322.50 308 30 5.00E-05 57.7
4 0 4723.11 5 0177.30 404.50 364 82 8.33E-05 44.7
5 0 5260.85 6 0210.92 588.50 551 76 1.00E-04 40.8
Net Sample Counts Within Peak Regions Generated: 4-JUN-2007 09:11:33.02
Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit
1 0 4214 .34« 1 0 3.08 234.33 163 91 1.44E-04122.8
2 0 4358.74% 2 0 24.65 282.590 263 43 1.79E-04 77.8
3 0 4455,75%* 0 0 3.08 315.00 308 30 4.80E-05212.8
4 0 4739.58%* 7 0175.64 410.75 364 82 7.01E-04 39.9
5 0 b5285.89%* 373 0 75.64 597.93 551 76 3.66E-02 5.2

Flag: "*" = Peak area was modified by background subtraction




VMS Nuclide Identification Report V3.0 Generated

Configuration

Analyses

Sample title

Sample da
Sample ID

by

te

Sample type

Detector name
Elapsed live time:
Energy tolerance
Errors propagated:
Efficiency type
Abundance limit

MCAOQ : [AMSCOUNT] 0001DD76$1
ROIPEAK V1.2, PEAKEFF V2.2,ENBACK V1.6,NID V3.3

BLANK

4-JUN-2007 00:00:00

02

uu

003

0 02:50:02.00
100.00 kev

Yes

Average value
75.00

Post-NID Peak Search Report

It Ener

4214
4358
4455
4739
5285.

oNeoNoNeoNe]

gy

.34%
.74%*
.75%
.58%*

89%*

Area FWHM Channel Left
1 3.08 234.33 163

2 24.65 282.50 263

0 3.08 315.00 308
7175.64 410.75 364
373 75.64 597.93 551

Acquisition date
Sample quantity
Sample geometry

Detector geometry:
Elapsed real time:

Half life ratio
Systematic Error
Efficiencies at

Pw %Err Fit

91245,
43155,
30425.
82 79.
76 10.

oo g

4-JUN-2007 09:11:34

4-JUN-2007 06:10:28
1.0000 gram

0 02:50:02.00 0.0%
8.00
'3.00 %

Peak Energy

Nuclides Activity
pCi/gram
U-238 1.913E-02
U-235 2.951E-02
U-236 7.093E-03
U-234 9.345E-02
U232 4.88




Eberline Services
Oak Ridge Laboratory

ALPHA SPECTROMETRY REPORT
4-JUN-2007 09:11:46

*******************************************************************************

Spectral File: ND_AMS ARCHIVE S:S 0705098A-UUS$03 UU.CNF

*******************************************************************************
*

BATCH ID: 0705098A-UU * SAMPLE ID: 03
SAMPLE DATE: 21-NOV-2006 00:00 * ALIQUOT: 1.086E+00 gram
SAMPLE TITLE: 5601-FSS-SU5-1015 * DETECTOR NUMBER : 006
ACQ DATE: 4-JUN-2007 06:10 * AVERAGE EFFICIENCY: 20.48%
ELAPSED LIVE TIME: 10200. * RECOVERY: 99.05%
TRACER ID: Uu-10A * TRACER FWHM (kev) : 78.57
LAMBDA VALUE: 613. * ROI TYPE: STANDARD
TRACER DPM AT SAMPLE DATE: 12.563 * CONFIDENCE FACTOR: 4.65
SAMPLE MATRIX: SOIL * LLD CONSTANT: 2.71
ENERGY CAL DATE: 1-JUN-2007 08:23 * EFF CAL DATE: 1-JUN-2007 08:23
BKG FILENAME: B 006 _1JUNO7 * BKG ELAPSED TIME: 60001.

*
*******************************************************************************

NUCLIDE ACTIVITY SUMMARY

NUCLIDE ENERGY NET BKG %ABN ACTIVITY TPU/ERROR MDC
AREA pCi/ gram 2-SIGMA pCi/ gram
U232 5302.5 430.15 0.85 99.8 5.209E+00 6.645E-01 8.430E-02
U-234 4761.5 64.32 0.68 99.8 7.749E-01 2.247E-01 7.885E-02
U-235 4385.5 3.00 0.00 80.9 4 . 459E-02 5.189E-02 4.028E-02
U-236 4485.2 5.00 0.00 90.1 6.672E-02 6.046E-02 3.616E-02
U-238 4184 .4 59.98 1.02 100.2 7.195E-01 2.148E-01 8.885E-02

*******************************************************************************

Analys 'AOA’ ’ Dativ %q—
A ﬂ@é/ 6/Hoy

Réviewez?/ / 47 Date
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A-UUS03_UU
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Channel Contents for ND AMS ARCH

Channel




Eberline Services
Oak Ridge Laboratory

Gross Sample Counts Within Peak Regions Generated: 4-JUN-2007 09:11:41.02
Detector ID: 6 Acquisition Start: 4-JUN-2007 06:10:45.01
Live Time: 0 02:50:00.00 Real Time: 0 02:50:00.00
Batch Id: 0705098A-UU Sample Id: 03
Sample Type: UU
Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit
1 0 4159.86 61 0 47.70 202.51 l46 97 5.98E-03 12.8
2 0 4343.95 3 0 91.65 268.00 252 46 2.94E-04 57.7
3 0 4458.71 5 0 0.00 309.00 301 31 4.90E-04 44.7
4 0 4748.44 65 0 78.26 413.12 360 87 6.37E-03 12.4
5 0 5285.24 431 0 78.57 608.41 559 81 4.23E-02 4.8
Background Counts Within Peak Regions Generated: 4-JUN-2007 09:11:44.43
Acquisition Start: 1-JUN-2007 20:09:44.01
Live Time: 0 16:40:01.00 Real Time: 0 16:40:01.00
Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec $Err Fit
1 0 4136.57 6 0209.38 194.00 146 97 1.00E-04 40.8
2 0 4362.93 0 0 0.00 274.50 252 46 0.00E+00 0.0
3 0 4479.01 0 0 0.00 316.00 301 31 0.00E+00 0.0
4 0 4721.03 4 0 0.00 403.00 360 87 6.67E-05 50.0
5 0 5259.60 5 0137.67 599.00 559 81 8.33E-05 44.7
Net Sample Counts Within Peak Regions Generated: 4-JUN-2007 09:11:44.78
Pk It Energy Area Bkgnd FWHM Channel Left ©Pw Cts/Sec %Err Fit
1 0 4159.86%* 60 0 47.70 202.51 146 97 5.88E-03 13.0
2 0 4343.95%* 3 0 91.65 268.00 252 46 2.94E-04 57.7
3 0 4458.71%* 5 0 0.00 309.00 301 31 4.90E-04 44.7
4 0 4748.44%* 64 0 78.26 413.12 360 87 6.31E-03 12.5
5 0 5285.24~* 430 0 78.57 608.41 559 81 4.22E-02 4.8

Flag: "*" = Peak area was modified by background subtraction




VMS Nuclide Identification Report V3.0 Generated

Configuration

Analyses

Sample title

Sample date 21-NOV-2006 00:00:00 Acquisition date
Sample ID 03 Sample quantity
Sample type 9)8) Sample geometry
Detector name : 006 Detector geometry:
Elapsed live time: 0 02:50:00.00 Elapsed real time:
Energy tolerance 100.00 kev Half life ratio
Errors propagated: Yes Systematic Error
Efficiency type Average value Efficiencies at
Abundance limit 75.00

by

MCAO:[AMSCOUNT]OOOlDD76$l

4-JUN-2007 09:11:45

ROIPEAK V1.2, PEAKEFF V2.2,ENBACK V1.6,NID V3.3

5601-FSS-SU5-1015

Post-NID Peak Search Report

It Ener

4159,
4343
4458,
4748.
5285.

[oNeNoNoNo)

gy

86*

.95%*

T1*
44%*
24%*

Area FWHM Channel Left Pw %Err Fit

60 47.70 202.51 l46 97 26.
3 91.65 268.00 252 46115,
5 0.00 309.00 301 31 89.
64 78.26 413.12 360 87 25,
430 78.57 608.41 559 81 9.

NG IR NOPY R

4-JUN-2007 06:10:45
1.0864 gram

0 02:50:00.00 0.0%
8.00
3.00 %

Peak Energy

Nuclides Activity

pCi/gram
U-238 0.713
U-235 4,416E-02
U-236 6.609E-02
U-234 0.768

U232 5.16




Eberline Services
Oak Ridge Laboratory

ALPHA SPECTROMETRY REPORT

4-JUN-2007 09:11:56

*******************************************************************************

Spectral File: ND AMS ARCHIVE S:

Ihhkhkhk ok hkh ok hhkkhhkkkhkhdk ok kkk & ok %

BATCH ID:
SAMPLE DATE:

SAMPLE TITLE:

ACQ DATE:
ELAPSED LIVE TIME:
TRACER ID:

LAMBDA VALUE:

0705098A-UU

21-NOV-2006 00:00
5601-FSS-8SU5-1015
4-JUN-2007 06:11

TRACER DPM AT SAMPLE DATE:
SAMPLE MATRIX:

ENERGY CAL DATE:
BKG FILENAME:

10202.

UU-10A

612.
12.561

SOIL

1-JUN-2007 08:23
B _008_1JUNO7

*
*
*
*
*
*
*
*
*
*
*
*

*

S_O7OSO98A—UU$O4_UU.CNF

***********************************************

SAMPLE ID: 04
ALIQUOT: 1.080E+00 gram
DETECTOR NUMBER: 008
AVERAGE EFFICIENCY: 18.06%
RECOVERY: 101.1%%
TRACER FWHM (kev) : 82.70
ROI TYPE: STANDARD
CONFIDENCE FACTOR: 4,65
LLD CONSTANT: 2.71
EFF CAL DATE: 1-JUN-2007 08:23
BKG ELAPSED TIME: 60006.

*******************************************************************************

NUCLIDE ENERGY

U232

U-234

U-235

U-236

U-238

5302

4761

4385

4485

4184

.5

.5

.5

.2

.4

NET
AREA

387.49

67.83

2.66

3.83

62.83

0.

0.

NUCLIDE ACTIVITY SUMMARY

BKG sABN
.51 99.8
.17 99.8
.34 80.9
17 90.1
17 100.2

ACTIVITY TPU/ERROR MDC
pCi/ gram 2-SIGMA pCi/ gram
5.239E+00 6.897E-01 8.112E-02
9.123E-01 2.602E-01 6.224E-02
4.413E-02 5.840E-02 8.995E-02
5.706E-02 6.041E-02 6.894E-02
8.414E-01 2.469E-01 6.197E-02

*******************************************************************************

*** Tracer FWHM > 80.0 Kev

pd

/3

0

Reviewizé7

e
e

* Kk k

G-I

Date

/4

Date
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Eberline Services
Oak Ridge Laboratory

Gross Sample Counts Within Peak Regions Generated:

Detector ID: 8

Live Time: 0 02:50:02.00 Real Time:
Batch Id: 0705098A-UU Sample Id:
Sample Type: UU
Pk It Energy Area Bkgnd FWHM Channel Left
1 0 4171.19 63 0 51.44 158.41 91
2 0 4400.09 3 0 43.50 249.00 209
3 0 4491.33 4 0 48.62 285.25 263
4 0 4745.09 68 0 56.56 386.51 329
5 0 5284.05 388 0 82.70 603.77 549
Background Counts Within Peak Regions Generated:
Acquisition Start:
Live Time: 0 16:40:06.00 Real Time:
Pk It Energy Area Bkgnd FWHM Channel Left
1 0 4135.70 1 0 2.57 144.00 91
2 0 4363.94 2 0 77.09 234.00 209
3 0 4480.03 1 0 2.57 280.00 263
4 0 4723.60 1 0 2.57 377.00 329
5 0 5261.16 3 0 23.13 593.50 549
Net Sample Counts Within Peak Regions Generated:
Pk It Energy Area Bkgnd FWHM Channel Left
1 0 4171.19%* 63 0 51.44 158.41 91
2 0 4400.009%* 3 0 43.50 249.00 209
3 0 4491.33* 4 0 48.62 285.25 263
4 0 4745.09%* 68 0 56.56 386.51 329
5 0 5284.05% 387 0 82.70 603.77 549

Acquisition Start:

4
0
0

Pw

107
51
35
97
90

4-JUN-2007 09:11:51.83

-JUN-2007
02:50:02
4

Cts/Sec

.18E-03
.94E-04
.92E-04
.67E-03
.80E-02

wWwoawho

06:11:16.01

.00

12.
57.
50.
12.

PP OJan

Fit

4-JUN-2007 09:11:54.16

1-JUN-2007 20:09:47.01
0 16:40:06.00

Pw

107
51
35
97
90

Pw

107
51
35
97
90

Cts/Sec

.33E-05

VR WwR

.00E-05

.67E-05100.

.67E-05100.
.67E-05100.

%Err

70.

NO O Jo

57.

Fit

4-JUN-2007 09:11:54.52

Cts/Sec

.16E-03
.61E-04
.75E-04
.65E-03
.80E-02

W oW N o

Flag: "*" = Peak area was modified by background subtraction

%Err

12.
65.
52.
12.

5.

NS g

Fit




VMS Nuclide Identification Report V3.0 Generated 4-JUN-2007 09:11:55

Configuration

Analyses

Sample title

Sample da
Sample ID
Sample ty

Detector name :
Elapsed live time: 0 02:50:02.00
Energy tolerance
Errors propagated: Yes
Efficiency type
Abundance limit

by

te

pe

MCAOQ: [AMSCOUNT] 0001DD76%1

ROIPEAK V1.2,PEAKEFF V2.2, ENBACK V1.6,NID V3.3

5601-FSS-38U5-1015
21-NOV-2006 00:00:00 Acquisition date

04 Sample quantity
Uuu Sample geometry
008 Detector geometry:

100.00 kev Half life ratio

Post-NID Peak Search Report

It Energy

4171.
4400.
4491,
4745 .
5284.

loNeNeNoNo)

19*
0o
33*
09*
05*

Systematic Error
Average value Efficiencies at
75.00

Area FWHM Channel Left Pw $Err Fit
63 51.44 158.41 91 107 25.3
3 43.50 249.00 209 51131.5
4 48.62 285.25 263 35104.8
68 56.56 386.51 329 97 24.3
387 82.70 603.77 549 90 10.2

Elapsed real time:

4-JUN-2007 06:11:16
1.0801 gram

0 02:50:02.00 0.0%
8.00
3.00 %

Peak Energy

Nuclides Activity

pCi/gram
U-238 0.851
U-235 4.466E-02
U-236 5.774E-02
U-234 0.923

U232 5.30




Review of QA results (Daily Pulser Check )

4-JUN-2007 05:57:12 Page 1

Filename

Detector Parameter
1 ALL
2 ALL
3 ALL
4 OFFLINE
5 OFFLINE
6 ALL
7 OFFLINE
-8 ALL
9 ALL
10 ALL
11 ALL
12 ALL
13 ALL
14 ALL
15 OFFLINE
16 ALL
17 ALL
18 ALL
19 ALL
20 OFFLINE
21" OFFLINE
22 OFFLINE
23 ALL
24 OFFLINE
25 ALL
26 ALL
27 ALL
28 ALL
29 ALL
30 ALL
31 ALL
32 OFFLINE
33 ALL
34 ALL
35 OFFLINE
36 OFFLINE
37 ALL
38 ALL
39 OFFLINE
40 OFFLINE
41 ALL
42 ALL
43 OFFLINE
44 OFFLINE
45 ALL
46 ALL
47 ALL
48 ALL
ar

APPROVAL DATE:

7

APPROVED BY: )%uu¢é;21£2:

Passed

Passed
Passed
Passed
Passed
Passed
Passed
Passed

Passed
Passed
Passed
Passed

Passed

Passed
Passed
Passed
Passed
Passed
Passed
Passed

Passed
Passed

Passed
Passed

Passed
Passed

Passed
Passed
Passed
Passed

APPROVAL TIME:

PROCEDURE #

D_001_NONE
D_002_ NONE
D_003_ NONE

D_006_NONE

D_008 NONE
D_009 NONE
D_010 NONE
D_011 NONE
D_012 NONE
D_013_ NONE
D 014 NONE

D 016 NONE
D_017_NONE
D_018 NONE
D_019 NONE

D_023_NONE

D_025_ NONE
D_026 NONE
D_027_NONE
D_028 NONE
D_029 NONE
D_030_NONE
D031 NONE

D_033_ NONE
D_034 NONE

D_037_NONE
D 038 NONE

D_041 NONE
D_042_ NONE

D_045_NONE
D_046_NONE
D_047_NONE
D_048 NONE




SECTION IX

ANALYTICAL DATA (ISOTOPIC THORIUM)
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Eberline Services
Oak Ridge Laboratory

ALPHA SPECTROMETRY REPORT

31-MAY-2007 11:20:06

*******************************************************************************

Spectral File: ND AMS_ARCHIVE_C:C_O7OSO98A—TH$01_TH.CNF

*****************;*************************************************************

BATCH 1ID: 0705098A-TH
SAMPLE DATE: 31-MAY-2007 00:00
SAMPLE TITLE: SPIKE
ACQ DATE: 31-MAY-2007 08:09
ELAPSED LIVE TIME: 10204.
TRACER ID: TH-18A
LAMBDA VALUE: 233.
TRACER DPM AT SAMPLE DATE: 5.228
SAMPLE MATRIX: SOIL

ENERGY CAL DATE:
BKG FILENAME:

25-MAY-2007 07:39
B 001 25MAY07

*******************************************************************************

NUCLIDE ACTIVITY SUMMARY

NUCLIDE ENERGY NET BKG $ABN
AREA

TH-227 5850.0 -1.04 2.04 97.5

TH-228 5400.0 347.49 0.51 99.9

TH229 4872.0 196.32 0.68 89.5

TH-230 4672.0 391.32 0.68 99.8

TH-232 3997.0 318.98 1.02 100.0

*******************************************************************************

*

% % ok ok R ok ¥ % ¥ F

*

-1.

4.

2

4.

3.

*** Tracer FWHM > 80.0 Kev * k%
e 53107
Analys Date
% ﬁ//@@ S/l
Reviewer i ﬂ / Date

SAMPLE ID:
ALIQUOT:

1.000E+00

DETECTOR NUMBER :
AVERAGE EFFICIENCY:

RECOVERY :

TRACER FWHM (kev) :

ROI TYPE:

CONFIDENCE FACTOR:
LLD CONSTANT:

EFF CAL DATE:

BKG ELAPSED TIME:

ACTIVITY
pCi/ gram

274E-02

153E+00

.355E+00

680E+00

808E+00

TPU/ERROR

9.

8

2-SIGMA

.852E-02

.858E-01

.020E-01

841E-01

.217E-01

01
gram
001
20.79%
106.74%
203.36

STANDARD

4.65
2.71

25-MAY-2007 07:39

60004.

MDC

pCi/ gram

1.

7.

7.

7.

8

145E-01

205E-02

852E-02

828E-02

.843E-02
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-TH$O01_TH

€:C_0705098A

Channel Contents for ND AMS ARCHIVE

Channet




Eberline Services
Oak Ridge Laboratory

Gross Sample Counts Within Peak Regions

Detector ID: 1
Live Time:

0 02:50:04.00
0705098A-TH

Batch Id:

Sample Type: TH

Pk It Energy
1 0 3967.35
2 0 4645.99
3 0 4891.05
4 0 5380.39
5 0 5789.86

Area

320
392
197
348

1

Acquisition Start:
Real Time:

Generated:

Sample Id: 01

Bkgnd FWHM Channel

0105.
0 82.
0203.
0106.
0 3.

63
71
36
79
08

Background Counts Within Peak Regions

Live Time:

Pk It

U W
[oNeoNoNeNe]

0 16:40:04.00

Energy

3950

4573.

4913
5298
5874

.83
61
.26
.28
.62

Area

N Wb b oy

Acquisition Start:
Real Time:

Bkgnd FWHM

0289.
0 89.
0181.
0 O.
0 0.

15
21
49
00
00

Net Sample Counts Within Peak Regions

Pk It

b wNpR
[eReoNoNoNe)

Flag:

153

379.
462.

630
773

Channel
148.00 99 99 1
355.50 305 102 6
470.50 407 128 6
602.50 551 104 5
803.50 742 124 2
Generated:

.56 99 99 3
70 305 102 3
64 407 128 1
.38 551 104 3
.00 742 124 9
Generated:

Left Pw Cts/Sec %Err

.14E-02 5.6
.84E-02 5.1
.93E-02 7.1
.41E-02 5.4
.80E-05100.0

Left Pw Cts/Sec

.00E-04
.67E-05
.67E-05
.00E-05
.00E-04

00
$Err

40.
50.
50.
57.
28.

OWJOOw

Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err
3967.35%* 319 0105.63 153.56 99 99 3.13E-02 5.6
4645,99% 391 0 82.71 379.70 305 102 3.83E-02 5.1
4891.05* 196 0203.36 462.64 407 128 1.92E-02 7.2
5380.39* 347 0106.79 630.38 551 104 3.41E-02 5.4
5789.86%* -1 0 3.08 773.00 742 124-1.02E-04111.5

"*" = Peak area was modified by background subtraction

31-MAY-2007 11:20:02.68

31-MAY-2007 08:09:17.01
0 02:50:04.00

Fit

31-MAY-2007 11:20:04.44

25-MAY-2007 18:09:47.01
0 16:40:04.

Fit

31-MAY-2007 11:20:04.79

Fit




VMS Nuclide Identification Report V3.0 Generated 31-MAY-2007 11:20:05

31-MAY-2007 08:09:17

0 02:50:04.00 0.0%

Configuration : MCAO:[AMSCOUNT]OOOlDD76$l

Analyses by : ROIPEAK V1.2, PEAKEFF V2.2,ENBACK V1.6,NID V3.3
Sample title : SPIKE

Sample date : 31-MAY-2007 00:00:00 Acquisition date

Sample ID : 01 Sample quantity 1.0000 gram
Sample type : TH Sample geometry

Detector name : 001 Detector geometry:

Elapsed live time: 0 02:50:04.00 Elapsed real time:

Energy tolerance : 100.00 keVv Half life ratio 8.00
Errors propagated: Yes Systematic Error 3.00 %
Efficiency type : Average value Efficiencies at Peak Energy
Abundance limit 75.00

Post-NID Peak Search Report

It Energy Area FWHM Channel
0 3967.35% 319105.63 153.56
0 4645.99% 391 82.71 379.70
0 4891.05* 196203.36 462.64
0 5380.39%* 347106.79 630.38
0 5789.86%* -1 3.08 773.00

Left

99
305
407
551
742

Pw %Err Fit

99 11.
102 10.
128 14.
104 10.
124223,

P JWkKkN

Nuclides

TH-232
TH-230
TH229

TH-228
TH-227

Activity
pCi/gram

4.06
5.00
2.51
4.43
-1.360E-02



Eberline Services
Oak Ridge Laboratory

ALPHA SPECTROMETRY REPORT

**************************

Spectral File:

BATCH ID: 070
SAMPLE DATE: 31-MAY-20
SAMPLE TITLE:

ACQ DATE: 31-MAY-20
ELAPSED LIVE TIME:

TRACER ID:

LAMBDA VALUE:
TRACER DPM AT SAMPLE DATE:
SAMPLE MATRIX:
ENERGY CAL DATE:
BKG FILENAME:

25-MAY-20

*******************************************************************************

NUCLIDE ENERGY NET

AREA
TH-227 5850.0 2.98 1.
TH-228 5400.0 -1.19 1.
TH229 4872.0 148.98 1.
TH-230 4672.0 4.49 0.
TH-232 3997.0 -0.34 o0.

**************.*****************************************************************

*** Tracer FWHM > 80.0 Kev

Wl

Analyst' | )(5 )
A,j/@o /,le/@s/
Reviewer ” /

B_002_25MAY07

31-MAY-2007 11:20:17

Fhdkhkhkhkhdhhkhhdhhkhkhdhdhkhhdh ok krk

*

5098A-TH * SAMPLE ID: 02
07 00:00 * ALIQUOT: 1.000E+00 gram
BLANK * DETECTOR NUMBER: 002
07 08:09 * AVERAGE EFFICIENCY: 19.49%
10207. * RECOVERY : 87.44%
TH-18A * TRACER FWHM (kev) : 140.56
230. * ROI TYPE: STANDARD
5.163 * CONFIDENCE FACTOR: 4.65
SOIL * LLD CONSTANT: 2.71
07 07:39 * EFF CAL DATE: 25-MAY-2007 07:39
* BKG ELAPSED TIME: 60000.

*

NUCLIDE ACTIVITY SUMMARY

BKG %ABN ACTIVITY
pCi/ gram

02 97.5 4.748E-02

19 99.9 -1.852E-02

02 99.5 2.326E+00

51 99.8 6.988E-02

34 100.0 -5.286E-03

* % %

$3rJy

Date

S /oy

Date

TPU/ERROR
2-SIGMA

6.581E-02
1.449E-02
4.398E-01
7.161E-02

7.551E-03

****************************

ND_AMS_ARCHIVE_R:R_O7OSO98A-TH$O2_TH.CNF

*******************************************************************************

MDC

pCi/ gram

1

1

1.

9.

8

.180E-01

.210E-01

156E-01

388E-02

.424E-02
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A-TH$02_TH

E_R:R_0705098,

Channel Contents for ND AMS ARCHIVI

Channel




Gross Sample Counts Within Peak Regions Generated:

Detector ID: 02

Live Time:

Batch Id: 0705098A-TH Sample Id:

Sample Type: TH

Pk It Energy Area Bkgnd FWHM Channel Left
1 0 3950.81 0 0 0.00 145.00 95
2 0 4615.86 5 0261.19 368.60 304
3 0 4908.10 150 0140.56 468.18 406
4 0 5299.89 0 0 0.00 603.00 551
5 0 5801.11 4 0 3.04 777.75 742

Background Counts Within Peak Regions Generated:

Live Time:

Pk It
1 0
2 0
3 0
4 0
5 0

Eberline Services
Oak Ridge Laboratory

0 02:50:07.00

Acquisition Start:
Real Time:

0 16:40:00.00

Energy . Area Bkgnd FWHM Channel Left
3946.80 2 0176.65 145.00 95
4572 .82 3 0 82.23 355.00 304
4910.82 6 0335.02 470.00 406
5297.45 7 0 3.05 603.00 551
5873.09 6 0 3.05 804.00 742

Acquisition Start:
Real Time:

31-MAY-2007 11:20:13.72

31-MAY-2007 08:09:30.01
0 02:50:07.00

02

Pw Cts/Sec %Err

101
103
129
105
125

WOorRbhO

.00E+00
.90E-04
.47E-02
.00E+00
.92E-04

oCoOoOMNMNJO

Fit

31-MAY-2007 11:20:15.68

25-MAY-2007 18:09:50.01

0 16:40:00.

Pw Cts/Sec

101
103
129
105
125

RFREOW

.33E-05
.00E-05
.00E-04
.17E-04
.00E-04

00

$Err

70.
57.
40.
37.
40.

O 00 033

Fit

31-MAY-2007 11:20:15.97

Net Sample Counts Within Peak Regions Generated:
Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec
1 0 3950.81* 0 0 0.00 145.00 95 101-3.33E-05
2 0 4615.86%* 4 0261.19 368.60 304 103 4.40E-04
3 0 4908.10%* 149 0140.56 468.18 406 129 1.46E-02
4 0 5299.89%* -1 0 0.00 603.00 551 105-1.17E-04
5 0 5801.11%* 3 0 3.04 777.75 742 125 2.92E-04
Flag: "*" = Peak area was modified by background subtraction

$Err

70.
50.

8.
37.
68.

Fit




VMS Nuclide Identification Report V3.0 Generated 31-MAY-2007 11:20:16

Configuration

Analyses

Sample title

Sample da
Sample ID
Sample ty

Detector name

by

te

pe

MCAOQ : [AMSCOUNT] 0001DD7651
ROIPEAK V1.2, PEAKEFF V2.2, ENBACK V1.6,NID V3.3

BLANK

31-MAY-2007 00:00:00 Acquisition date

02
TH
002

Elapsed live time: 0 02:50:07.00

Energy tolerance

100.00 kev

Errors propagated: Yes

Efficiency type
Abundance limit

Average value
75.00

Post-NID Peak Search Report

It Energy

0 3950
0 4615
0 4908.
0 5299,
0 5801.

.81%
.86%*

10%*
8o%*
11=*

Area FWHM Channel

0 0.00 145.00
4261.19 368.60
149140.56 468.18
-1 0.00 603.00
3 3.04 777.75

Left

95
304
406
551
742

Sample quantity
Sample geometry

Detector geometry:
Elapsed real time:

Half life ratio
Systematic Error
Efficiencies at

Pw %Err Fit

101141.
103100.
129 1s6.
105 75.
125137.

= o010

31-MAY-2007 08:09:30
1.0000 gram

0 02:50:07.00 0.0%
8.00
3.00 %

Peak Energy

Nuclides Activity

pCi/gram
TH-232 -4.622E-03
TH-230 6.110E-02
TH229 2.03
TH-228 -1.619E-02
TH-227 4.151E-02




Eberline Services
Oak Ridge Laboratory

ALPHA SPECTROMETRY REPORT
31-MAY-2007 11:20:27

*******************************************************************************

Spectral File: ND_AMS_ARCHIVE_S:S_0705098A-TH$03 TH.CNF

*******************************************************************************

*

BATCH ID: 0705098A-TH * SAMPLE ID: 03
SAMPLE DATE: 21-NOV-2006 00:00 * ALIQUOT: 1.083E+00 gram
SAMPLE TITLE: 5601-FSS-SU5-1015 * DETECTOR NUMBER: 003
ACQ DATE: 31-MAY-2007 08:09 * AVERAGE EFFICIENCY: 19.70%
ELAPSED LIVE TIME: 10201. * RECOVERY: 86.95%
TRACER ID: TH-18A * TRACER FWHM (kev) : 97.82
LAMBDA VALUE: 229. * ROI TYPE: STANDARD
TRACER DPM AT SAMPLE DATE: 5.141 * CONFIDENCE FACTOR: 4.65
SAMPLE MATRIX: SOIL * LLD CONSTANT: 2.71
ENERGY CAL DATE: 25-MAY-2007 07:39 * EFF CAL DATE: 25-MAY-2007 07:39
BKG FILENAME: B_003_2E5MAY07 * BKG ELAPSED TIME: 60005.

*

*******************************************************************************

NUCLIDE ACTIVITY SUMMARY

NUCLIDE ENERGY NET BKG %ABN ACTIVITY TPU/ERROR

‘ AREA pCi/ gram 2-SIGMA
TH-227 5850.0 3.30 1.70 97.5 4.917E-02 6.925E-02
TH-228 5400.0 97.45 2.55 99.9 1.685E+00 4 .850E-01
TH229 4872.0 148.98 1.02 99.5 2.139E+00 4.045E-01
TH-230 4672.0 69.98 1.02 99.8 1.002E+00 3.148E-01
TH-232 3997.0 81.64 1.36 100.0 1.166E+00 3.510E-01

*******************************************************************************

*** Tracer FWHM > 80.0 Kev * k%

S 31-J)
Analyst () Date

M/@u ﬂ%/ _ t{/?//y

Reviewer

MDC

pCi/ gram

1.

1

1.

1.

1.

286E-01

.449E-01

063E-01

060E-01

162E-01
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98A-TH$03_TH

IVE_S:S_07050

Channel Contents for ND AMS ARCH

Channel




Gross Sample Counts Within Peak Regions Generated:

Detector ID: 3

Live Time:
Batch Id:

0705098A-TH Sample Id:
Sample Type: TH

Energy Area Bkgnd FWHM Channel ILeft
3984.63 83 0 43.09 156.76 96
4660.22 71 0 21.10 383.18 304
4901.69 150 0 97.82 465.26 405
5384.79 100 0 17.60 631.36 550
5791.41 5 0336.25 773.20 741

Pk It
1 0
2 0
3 0
4 0
5 0

Background Counts Within Peak Regions

Live Time:

Pk It
1 0
2 0
3 0
4 0
5 0

Eberline Services
Oak Ridge Laboratory

0 02:50:01.00

Acquisition Start:
Real Time:

0 16:40:05.00

Energy Area Bkgnd FWHM Channel Left
3948.71 8 0 3.07 145.50 96
4574 .63 6 0 0.00 354.50 304
4912.02 6 0 0.00 469.00 405
5259.00 15 0200.22 602.00 550
5872.42 10 0 0.00 802.50 741

Acquisition Start:
Real Time:

Generated:

31-MAY-2007 11:20:23.35

31-MAY-2007 08:09:52.01
0 02:50:01.00

03

Pw

100
102
129
105
124

LSRR S W e o]

Cts/Sec

.14E-03
.96E-03
.47E-02
.80E-03
.90E-04

$Err

11.
11.

10.
44 .

(0]
~NJ oMo

Fit

31-MAY-2007 11:20:25.43

25-MAY-2007 18:09:53.01

0 16:40:05.
Pw Cts/Sec
100 1.33E-04
102 1.00E-04
129 1.00E-04
105 2.50E-04
124 1.67E-04

00
%3Err

35.
40.
40.
25.
31.

00 O W

Fit

31-MAY-2007 11:20:25.75

Net Sample Counts Within Peak Regions Generated:

Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec
1 0 3984.63% 82 0 43.09 156.76 96 100 8.00E-03
2 0 4660.22%* 70 0 21.10 383.18 304 102 6.86E-03
3 0 4901.69%* 1459 0 97.82 465.26 405 129 1.46E-02
4 0 5384.79%* 97 0 17.60 631.36 550 105 9.55E-03
5 0 5791.41% 3 0336.25 773.20 741 124 3.23E-04

Flag: "*" = Peak area was modified by background subtraction

$Err

11.
12.

8.
10.
69.

SNWNhR D

Fit




VMS Nuclide Identification Report V3.0 Generated 31-MAY-2007 11:20:26

Configuration MCAO:[AMSCOUNT]OOOlDD76$l

Analyses by ROIPEAK V1.2, PEAKEFF V2.2,ENBACK V1.6,NID V3.3

Sample title 5601-FSS-8U5-1015

Sample date 21-NOV-2006 00:00:00 Acquisition date : 31-MAY-2007 08:09:52
Sample ID 03 Sample quantity : 1.0826 gram

Sample type TH Sample geometry

Detector name : 003 Detector geometry:

Elapsed live time: 0 02:50:01.00 Elapsed real time: 0 02:50:01.00 0.0%
Energy tolerance 100.00 keVv Half life ratio 8.00

Errors propagated: Yes Systematic Error : 3.00 %
Efficiency type Average value Efficiencies at : Peak Energy
Abundance limit 75.00

Post-NID Peak Search Report

It Ener

3984.
4660.
4901.
5384
5791

[oNeoNeoNeoNe]

gy

63*
22%
69%

.79%
.41*

Area FWHM Channel Left Pw $Err Fit Nuclides Activity
pCi/gram
82 43.09 156.76 96 100 22.3 TH-232 1.01
70 21.10 383.18 304 102 24.1 TH-230 0.871
149 97.82 465.26 405 129 16.5 TH229 1.86
97 17.60 631.36 550 105 20.6 TH-228 1l.46
3336.25 773.20 741 124139.4 TH-227 4.276E-02




*******************************************************************************

Spectral File: ND AMS_ARCHIVE_S:S_O705098A—TH$O4 TH.CNF

*****************;******************************;******************************

ENERGY CAL DATE:
BKG FILENAME:

BATCH ID: 0705098A-TH * SAMPLE ID: 04
SAMPLE DATE: 21-NOV-2006 00:00 * ALIQUOT: 1.005E+00 gram
SAMPLE TITLE: 5601-FSS-SU5-1015 * DETECTOR NUMBER: 006
ACQ DATE: 31-MAY-2007 08:10 * AVERAGE EFFICIENCY: 20.31%
ELAPSED LIVE TIME: 10202. * RECOVERY : 90.24%
TRACER ID: TH-18A * TRACER FWHM (kev) : 93.88
LAMBDA VALUE: 229. * ROI TYPE: STANDARD
TRACER DPM AT SAMPLE DATE: 5.159 * CONFIDENCE FACTOR: 4.65
SAMPLE MATRIX: SOIL * LLD CONSTANT: 2.71

*

*

**************************************

NUCLIDE ENERGY NET
AREA
TH-227 5850.0 5.32
TH-228 5400.0 76.47
TH229 4872.0 159.98
TH-230 4672.0 83.49
TH-232 3997.0 77.98

*******************************************************************************

*%** Tracer FWHM > 80.0 Kev

Analys

d

%

-
fﬂ%

ReViewer

25-MAY-2007 07:39
B_006_25MAY07

0.

1.
0.

1.

Eberline Services
Oak Ridge Laboratory

ALPHA SPECTROMETRY REPORT

31-MAY-2007 11:20:36

*

*

NUCLIDE ACTIVITY SUMMARY

BKG $ABN ACTIVITY
pCi/ gram

68 97.5 7.980E-02

.53 99.9 1.331E+00

02 99.5 2.312E+00

51 99.8 1.203E+00

02 100.0 1.122E+00

* %k %

S 31-o3—

Date

s

Date

EFF CAL DATE:
BKG ELAPSED TIME:

TPU/ERROR

3

3

2-SIGMA

.583E-02

.041E-01

.255E-01

.548E-01

.380E-01

25-MAY-2007 07:39

60003,

*****************************************

MDC

pCi/ gram

9

1.
1.
8.

1.

.655E-02

218E-01

070E-01

690E-02

065E-01
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0705098A-TH$04 TH

E_S:S

Channel Contents for ND AMS ARCHIV

Channel




Gross Sample Counts Within Peak Regions Generated:

Detector ID:

Live Time: 0 02:50:02.00 Real Time:

Batch 1Id: 0705098A-TH Sample Id:

Sample Type: TH

Pk It Energy Area Bkgnd FWHM Channel Left
1 0 3966.52 79 0 11.64 133.89 75
2 0 4639.27 84 0124.27 373.54 297
3 0  4881.40 161 0 93.88 461.01 405
4 0 5366.32 78 0 91.76 638.24 559
5 0 5880.70 6 0 2.87 829.33 762

Background Counts Within Peak Regions Generated:

Live Time:

Pk It
1 0
2 0
30
4 0
5 0

Eberline Services
Oak Ridge Laboratory

6 Acquisition Start:

Acquisition Start:
Real Time:

0 16:40:03.00

Energy Area Bkgnd FWHM Channel Left
3946.75 6 0 2.89 128.00 75
4574 .73 3 0205.18 350.50 297
4914 .51 6 0 2.89 473.00 405
5300.35 S 0 0.00 614.00 559
5873.92 4 0161.83 827.50 762

31-MAY-2007 11:20:32.13

31-MAY-2007 08:10:08.01
0 02:50:02.00

04

Pw

107
108
137
111
132

[S2BEN I e J BN |

Cts/Sec

.74E-03
.23E-03
.58E-02
.65E-03
.88E-04

11.
10.

11.
40.

~J
QW Wwww

Fit

31-MAY-2007 11:20:33.84

25-MAY-2007 18:09:56.01

0 16:40:03.
Pw Cts/Sec
107 1.00E-04
108 5.00E-05
137 1.00E-04
111 1.50E-04
132 6.67E-05

00

%Err

40.
57.
40.
33.
50.

O Wo Jomw

Fit

31-MAY-2007 11:20:34.16

Net Sample Counts Within Peak Regions Generated:

Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec
1 0 3966.52«* 78 0 11.64 133.89 75 107 7.64E-03
2 0 4639.27* 83 0124.27 373.54 297 108 8.18E-03
3 0 4881.40%* 160 0 93.88 461.01 405 137 1.57E-02
4 0 b5366.32%* 76 0 91.76 638.24 559 111 7.50E-03
5 0 5880.70%* 5 0 2.87 829.33 762 132 5.21E-04

Flag: "*" = Peak area was modified by background subtraction

$Err

11.
11.

7.
11.
46.

Ul oy 0 O W

Fit




VMS Nuclide Identification Report V3.0 Generated 31-MAY-2007 11:20:35

Configuration

Analyses

Sample title

Sample da
Sample ID
Sample ty

Detector name
Elapsed live time:
Energy tolerance

by

te

pe

MCAQ : [AMSCOUNT] 0001DD76%1
ROIPEAK V1.2, PEAKEFF V2.2, ENBACK V1.6,NID V3.3

5601-FSS-8U5-1015

21-NOV-2006 00:00:00 Acquisition date
Sample quantity
Sample geometry

04
TH
006

Errors propagated: Yes

Efficiency type
Abundance limit

Average value

75.00

Post-NID Peak Search Report

It Ener

3966.
4639,
4881.
5366.
5880

[eNeoNoNoNe]

gy

52%*
27%*
40%*
32%*

.70%*

Area

78 11.64
83124.27
160 93.88
76 91.76
5 2.87

0 02:50:02.00
100.00 kev

133
373

638
829

FWHM Channel

.89
.54
461.
.24
.33

01

Left

75
297
405
559
762

Detector geometry:
Elapsed real time:

Half life ratio
Systematic Error
Efficiencies at

Pw

107
108
137
111
132

$Err

22.
22.
15.
23.
93.

O \WVow

Fit

31-MAY-2007 08:10:08
1.0050 gram

0 02:50:02.00 0.0%
8.00
3.00 %

Peak Energy

Nuclides Activity

pCi/gram
TH-232 1.01
TH-230 1.09
TH229 2.09
TH-228 1.20
TH-227 7.201E-02




Review of QA results (Daily Pulser Check )

Detector

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48

APPROVAL DATE:

Parameter

ALL
ALL
ALL
OFFLINE
OFFLINE
ALL .
OFFLINE
ALL
ALL
ALL
ALL
ALL
ALL
ALL
OFFLINE
ALL
ALL
ALL
ALL
ALL
OFFLINE
OFFLINE
ALL
OFFLINE
ALL
ALL
ALL
ALL
ALL
ALL
ALL
OFFLINE
ALL
ALL
OFFLINE
OFFLINE
ALL
ALL
OFFLINE
OFFLINE
ALL
ALL
OFFLINE
OFFLINE
ALL
ALL
ALL
ALL

551-0t

APPROVED BY:

J

Passed
Passed
Passed

Passed

Passed
Passed
Passed
Passed
Passed
Passed
Passed

Passed
Passed
Passed
Passed
Passed

Passed

Passed
Passed
Passed
Passed
Passed
Passed
Passed

Passed
Passed

Passed
Passed

Passed
Passed

Passed
Passed
Passed
Passed

APPROVAL TIME:

’)WalZZAZMN// PROCEDURE #

31-MAY-2007 06:22:34 Page 1

D_001 NONE
D_002_ NONE
D_003_ NONE

D_006_NONE

D_008_NONE
D_009_NONE
D_010_NONE
D_011 NONE
D_012 NONE
D_013 NONE
D_014 NONE

D_016_NONE
D_017_NONE
D_018 NONE
D_019 NONE
D_020_NONE

D_023_NONE

D_025_ NONE
D_026 NONE
D_027_ NONE
D_028 NONE
D_029 NONE
D_030_NONE
D_031_ NONE

D_033_ NONE
D_034_NONE

D_037_NONE
D_038_NONE

D_041 NONE
D_042 NONE

D_045 NONE
D_046 NONE
D_047_NONE
D_048_ NONE




SECTION X

ANALYTICAL DATA (RADIUM-226)
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Eberline Services
Oak Ridge Laboratory

ALPHA SPECTROMETRY REPORT
30-MAY-2007 10:22:50

*******************************************************************************

Spectral File: ND AMS ARCHIVE C:C 0705098A-RAS01 RA.CNF

*****************;***;***********;*********************************************

*

BATCH ID: 0705098A-RA * SAMPLE ID: 01
SAMPLE DATE: 29-MAY-2007 00:00 * ALIQUOT: 1.000E+00 gram
SAMPLE TITLE: SPIKE * DETECTOR NUMBER : 001
ACQ DATE: 29-MAY-2007 18:00 * AVERAGE EFFICIENCY: 20.79%
ELAPSED LIVE TIME: 10205. * RECOVERY : 93.78%
TRACER ID: NONE * TRACER FWHM (kev) : 0.00
LAMBDA VALUE: 0. * ROI TYPE: MANUAL
TRACER DPM AT SAMPLE DATE: 0.000 * CONFIDENCE FACTOR: 4.65
SAMPLE MATRIX: SOIL * LLD CONSTANT: 2.71
ENERGY CAL DATE: 25-MAY-2007 07:39 * EFF CAL DATE: 25-MAY-2007 07:39
BKG FILENAME : B 001 25MAYQ7 * BKG ELAPSED TIME: 60004 .
T * SAF: 2.34

*

*******************************************************************************

NUCLIDE ACTIVITY SUMMARY

NUCLIDE ENERGY NET BKG %ABN ACTIVITY TPU/ERROR

AREA pCi/ gram 2-SIGMA
PO-218 6003.0 3002.18 2.38 100.0 4.080E+01 3.639E+00
RN-222 5490.0 3017.92 0.68 99.9 4.104E+01 3.656E+00
RA-226 4785.0 746.12 0.34 100.0 1.014E+01 1.337E+00

MDC
pCi/ gram

3.143E-01
2.083E-01

1.724E-01

*******************************************************************************

A/ém W 5/0/6

Analyst /] A/ Date

o ek e

Reviewer U U Date
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-RA$01_RA

VE_C:C_0705098A

Channel Contents for ND AMS ARCHI

Channel




Eberline Services
Oak Ridge Laboratory

Gross Sample Counts Within Peak Regions Generated:

Detector ID: 1 Acquisition Start:

Live Time: 0 02:50:05.00 Real Time:

Batch Id: 0705098A-RA Sample Id:

Sample Type: RA

Pk It Energy Area Bkgnd FWHM Channel Left
1 0 4742.96 319 0152.65 412.44 382
2 0 5299.65 1290 0509.68 602.50 507
3 0 5806.94 1284 0 0.00 778.99 701

Background Counts Within Peak Regions Generated:

Acquisition Start:

Live Time: 0 16:40:04.00 Real Time:
Pk It Energy Area Bkgnd FWHM Channel Left
1 0 4743.92 2 0 76.90 413.00 382
2 0 5275.09 4 0224 .55 594,50 507
3 0 5812.12 14 0409.12 781.50 701
Net Sample Counts Within Peak Regions Generated:
Pk It Energy Area Bkgnd FWHM Channel Left
1 0 4742.96%* 746 0152.65 412.44 382
2 0 5299.65% 3018 0509.68 602.50 507
3 0 b5806.94% 3002 0 0.00 778.99 701

30-MAY-2007 10:22:42.39

29-MAY-2007 18:00:39.01
0 02:50:06.00
01

Pw Cts/Sec %Err Fit
63 3.13E-02

176 1.26E-01
162 1.26E-01

NN Ul
o 0 O

30-MAY-2007 10:22:47.96

25-MAY-2007 18:09:47.01
0 16:40:04.00

Pw Cts/Sec %Err Fit
63 3.33E-05 70.7

176 6.67E-05 50.0
162 2.33E-04 26.7

30-MAY-2007 10:22:48.26

Pw Cts/Sec %Err Fit

63 7.31E-02
176 2.96E-01
162 2.94E-01

NN U
[eoN ool e)Y

Flag: "*" = Peak area was modified by background subtraction




VMS Nuclide Identification Report V3.0 Generated 30-MAY-2007 10:22:49

Configuration
Analyses by
Sample title
Sample date

SPIKE

Sample ID : 01

Sample type : RA

Detector name 001

Elapsed live time: 0 02:50:05.00
Energy tolerance 150.00 kev
Errors propagated: Yes
Efficiency type Average value
Abundance limit 75.00

Post-NID Peak Search Report

It Energy Area FWHM Channel
0 4742.96%* 746152.65 412.44
0 5299.65%* 3018509.68 602.50
0 5806.94%* 3002 0.00 778.99

MCAO : [AMSCOUNT] 0000B288$1
ROIPEAK V1.2,PEAKEFF V2.2, ENBACK V1.6,NID V3.3

29-MAY-2007 00:00:00 Acquisition date

Sample quantity
Sample geometry

Detector geometry:
Elapsed real time:

Half life ratio
Systematic Error
Efficiencies at

382
507
701

29-MAY-2007 18:00:39
1.0000 gram

0 02:50:06.00 0.0%
8.00
3.00 %

Peak Energy

Nuclides Activity
pCi/gram
RA-226 S8.51
RN-222 38.5
PO-218 38.3




Eberline Services
Oak Ridge Laboratory

ALPHA SPECTROMETRY REPORT
30-MAY-2007 06:09:18

*******************************************************************************

Spectral File: ND AMS ARCHIVE R:R_0705098A-RA$02 RA.CNF

*******************************************************************************

BATCH ID: 0705098A-RA
SAMPLE DATE: 29-MAY-2007 00:00
SAMPLE TITLE: BLANK
ACQ DATE: 29-MAY-2007 18:00
ELAPSED LIVE TIME: 10202.
TRACER ID: NONE
LAMBDA VALUE: 0.
TRACER DPM AT SAMPLE DATE: 0.000
SAMPLE MATRIX: SOIL

ENERGY CAL DATE: 25-MAY-2007 07:39
BKG FILENAME: B_002 25MAY07

*

* Ok ok o ok F ok %k o ¥ ¥ *

*

SAMPLE ID: 02
ALIQUQOT: 1.000E+00 gram
DETECTOR NUMBER : 002
AVERAGE EFFICIENCY: 19.49%
RECOVERY: 85.78%
TRACER FWHM (kev) : 0.00
ROI TYPE: STANDARD
CONFIDENCE FACTOR: 4.65
LLD CONSTANT: 2.71
EFF CAL DATE: 25-MAY-2007 07:39
BKG ELAPSED TIME: 60000.
SAF: 2.23

*******************************************************************************

NUCLIDE ACTIVITY SUMMARY

NUCLIDE ENERGY NET BKG

AREA
PO-218 6003.0 2.93 1.53 100.0
RN-222 5490.0 9.62 1.53 99.
RA-226 4785.0 -0.85 0.85 100.0

$ABN

ACTIVITY TPU/ERROR MDC
pCi/ gram 2-SIGMA pCi/ gram
4.643E-02 1.013E-01 2.991E-01
1.525E-01 1.593E-01 2.992E-01

-1.347E-02 1.208E-02 2.472E-01

*******************************************************************************

o S 30v)—
Analyst | Date
~N
Ol mO/m/@ 5/3/d7
Reviewer 0 (} Date
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8A-RA$02_RA

R:R_070509

Channel Contents for ND AMS ARCHIVE

Channel




Eberline Services
Oak Ridge Laboratory

Gross Sample Counts Within Peak Regions Generated: 30-MAY-2007 06:08:52.42

Detector ID: 2 Acquisition Start: 29-MAY-2007 18:00:50.01
Live Time: 0 02:50:02.00 Real Time: 0 02:50:02.00
Batch I1d: 0705098A-RA Sample Id: 02

Sample Type: RA
Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec $Err Fit

1 0 4606.72 0 0 0.00 365.50 287 158 0.00E+00 0.0
2 0 5241.47 5 0488.97 £582.80 507 176 4.90E-04 44.7
3 0 5769.07 2 0121.48 766.50 702 162 1.96E-04 70.7

Background Counts Within Peak Regions Generated: 30-MAY-2007 06:09:16.18
Acquisition Start: 25-MAY-2007 18:09:50.01
Live Time: 0 16:40:00.00 Real Time: 0 16:40:00.00
Pk It Energy Area  Bkgnd FWHM Channel Left DPw Cts/Sec %Err Fit
1 0 4603.83 5 0225.38 365.50 287 158 8.33E-05 44.7
2 0 5272.88 S 0 3.05 594.50 507 176 1.50E-04 33.3
3 0 5812.02 9 0158.37 782.50 702 162 1.50E-04 33.3
Net Sample Counts Within Peak Regions Generated: 30-MAY-2007 06:09:16.51
Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec $Err Fit
1 0 4606.72% -1 0 0.00 365.50 287 158-8.33E-05 44.7
2 0 5241.47% 10 0488.97 582.80 507 176 9.43E-04 52.1
3 0 5769.07* 3 0121.48 766.50 702 162 2.87E-04109.0

Flag: "*" = Peak area was modified by background subtraction




VMS Nuclide Identification Report V3.0 Generated 30-MAY-2007 06:09:17

Configuration
Analyses by
Sample title
Sample date
Sample ID

Sample type
Detector name :
Elapsed live time:
Energy tolerance
Errors propagated:
Efficiency type
Abundance limit

MCAOQ : [AMSCOUNT] 0001DD76$1

ROIPEAK V1.2, PEAKEFF V2.2, ENBACK V1.6,NID V3.3

BLANK
29-MAY-2007 00:00:00 Acquisition date
02 Sample quantity
RA Sample geometry
002 Detector geometry:
0 02:50:02.00 Elapsed real time:
100.00 kev Half life ratio
Yes Systematic Error
Average value Efficiencies at
75.00

Post-NID Peak Search Report

It Energy Area FWHM Channel Left ©Pw $Err Fit
0 4606.72% -1 0.00 365.50 287 158 89.4
0 5241.47+* 10488.97 582.80 507 176104.2
0 ©5769.07+* 3121.48 766.50 702 162218.1

29-MAY-2007 18:00:50
1.0000 gram

0 02:50:02.00 0.
8.00
3.00 %

Peak Energy

Nuclides Activity
pCi/gram
RA-226 -1.155E-02
RN-222 0.131
PO-218 3.983E-02




Eberline Services
Oak Ridge Laboratory

ALPHA SPECTROMETRY REPORT
30-MAY-2007 06:09:34

*****************************************************

Khkhkhhhhhkhkdhkdhhhdhrdhdhhhkddkksh

Spectral File: ND AMS ARCHIVE_S:S_O7OSO98A—RA$O3_RA.CNF

*********************;*********************************************************

BATCH ID: 0705098A-RA
SAMPLE DATE: 21-NOV-2006 00:00
SAMPLE TITLE: 5601-FSS-SU5-1015
ACQ DATE: 29-MAY-2007 18:01
ELAPSED LIVE TIME: 10205.
TRACER ID: NONE
LAMBDA VALUE: 0.
TRACER DPM AT SAMPLE DATE: 0.000
SAMPLE MATRIX: SOIL

ENERGY CAL DATE: 25-MAY-2007 07:39
BKG FILENAME: B_003 25MAY07

*******************************************************************************

*

ok X ok % ok ok ok F ¥ ¥ oF

*

SAMPLE ID:
ALIQUOT:

03

1.065E+00 gram

DETECTOR NUMBER :
AVERAGE EFFICIENCY:

RECOVERY:

TRACER FWHM (kev) :

ROI TYPE:

CONFIDENCE FACTOR:
LLD CONSTANT:

EFF CAL DATE:

BKG ELAPSED TIME:

SAF:

NUCLIDE ACTIVITY SUMMARY

NUCLIDE ENERGY NET BKG $ABN
AREA

PO-218 6003.0 55.70 2.38 100.0

RN-222 5490.0 79.32 3.40 99.

RA-226 4785.0 75.74 1.70 100.0

*******************************************************************************

W/‘ / 53 vy

AnalystU CZ Date

%M /Q 51707

Reviewer(ﬁ/ / é/ Date

ACTIVITY
pCi/ gram

8.444E-01
1.203E+00

1.148E+00

TPU/ERROR
2-SIGMA

3.127E-01
3.762E-01

3.632E-01

003
19.70%
83.32%

0.00
STANDARD
4.65
2.71

25-MAY-2007 07:39

60005.
1.76

MDC
pCi/ gram

2.637E-01
3.012E-01

2.340E-01
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S:5_0705098A-RA$03_RA

Channel Contents for ND AMS ARCHIVE

Channel




Eberline Services
Oak Ridge Laboratory

Gross Sample Counts Within Peak Regions

Detector ID: 3

Live Time: 0 02:50:05.00
Batch Id4d: 0705098A-RA
Sample Type: RA

Pk It Energy Area Bkgnd FWHM Channel Left
1 0 4620.60 44 0136.03 369.77 287
2 0 5287.68 47 0328.57 597.77 506
3 0 5810.59 33 0458.39 779.94 701

Background Counts Within Peak Regions Generated:

Acquisition Start:

Live Time: 0 16:40:05.00 Real Time:
Pk It Energy Area Bkgnd FWHM Channel Left
1 0 4605.74 10 0426.65 365.00 287
2 0 5274.43 20 0200.22 593.50 506
3 0 5812.92 14 0426.65 781.50 701
Net Sample Counts Within Peak Regions Generated:
Pk It Energy Area Bkgnd FWHM Channel Left
1 0 4620.60% 76 0136.03 369.77 287
2 0 5287.68%* 79 0328.57 597.77 506
3 0 5810.59%* 56 0458.39 779.94 701

Hi N

Flag:

Generated:

Acqﬁisition Start:
Real Time:
Sample Id:

30-MAY-2007 06:09:24.63

29-MAY-2007 18:01:12.01

0 02:50:05.
03

*

Pw Cts/Sec

157 4.31E-03
176 4.61E-03
162 3.23E-03

00

SErr Fit
15.1
14.6
17.4

30-MAY-2007 06:09:32.04

25-MAY-2007 18:09:53.0

0 16:40:05.
Pw Cts/Sec
157 1.67E-04

176 3.33E-04
162 2.33E-04

00

%$Err Fit
31.6
22.4
26.7

30-MAY-2007 06:09:32.32

Pw Cts/Sec
7.42E-03
7.77E-03
5.46E-03

157
176
162

= Peak area was modified by background subtraction

SErr Fit
15.4
15.2
18.2




VMS Nuclide Identification Report V3.0 Generated 30-MAY-2007 06:09:33

Configuration
Analyses by
Sample title
Sample date
Sample ID

Sample type
Detector name
Elapsed live time:
Energy tolerance
Errors propagated:
Efficiency type
Abundance limit

MCAOQ : [AMSCOUNT] 0001DD76$1

ROIPEAK V1.2,PEAKEFF V2.2, ENBACK V1.6,NID V3.3

5601-FSS-8U5-1015
21-NOV-2006 00:00:00 Acquisition date
03 Sample quantity

RA Sample geometry

003 Detector geometry:

0 02:50:05.00 Elapsed real time:
100.00 kev Half life ratio

Yes Systematic Error

Average value Efficiencies at
75.00

Post-NID Peak Search Report

It Energy Area FWHM Channel Left Pw $Err Fit
0 4620.60% 76136.03 369.77 287 157 30.9
0 5287.68%* 79328.57 597.77 506 176 30.5
0 5810.59% 56458.39 779.94 701 162 36.4

29-MAY-2007 18:01:12
1.0648 gram

0 02:50:05.00 0.
8.00
3.00 %

Peak Energy

Nuclides Activity
pCi/gram
RA-226 0.957
RN-222 1.00
PO-218 0.704




Eberline Services
Oak Ridge Laboratory

ALPHA SPECTROMETRY REPORT
30-MAY-2007 06:10:01

*******************************************************************************

Spectral File: ND AMS ARCHIVE S:S 0705098A-RAS04 RA.CNF

*******************************************************************************
*

BATCH ID: 0705098A-RA * SAMPLE ID: 04
SAMPLE DATE: 21-NOV-2006 00:00 * ALIQUOT: 1.098E+00 gram
SAMPLE TITLE: 5601-FSS-SU5-1015 * DETECTOR NUMBER: 006
ACQ DATE: 29-MAY-2007 18:01 * AVERAGE EFFICIENCY: 20.31%
ELAPSED LIVE TIME: 10204. * RECOVERY : 96.70%
TRACER ID: NONE * TRACER FWHM (kev) : 0.00
LAMBDA VALUE: 0. * ROI TYPE: STANDARD
TRACER DPM AT SAMPLE DATE: 0.000 * CONFIDENCE FACTOR : 4.65
SAMPLE MATRIX : SOIL * LLD CONSTANT : 2.71
ENERGY CAL DATE: 25-MAY-2007 07:39 * EFF CAL DATE: 25-MAY-2007 07:39
BKG FILENAME : B_006 25MAY07 * BKG ELAPSED TIME: 60003.
- * SAF: 1.71

*
*******************************************************************************

NUCLIDE ACTIVITY SUMMARY

NUCLIDE ENERGY NET BKG  $ABN ACTIVITY TPU/ERROR MDC
AREA pCi/ gram 2-SIGMA pCi/ gram |

PO-218 6003.0 39.85 1.19 100.0 4.896E-01 2.089E-01 1.635E-01

RN-222 5490.0 61.06 2.21 99.9 7.506E-01 2.614E-01 2.023E-01

RA-226 4785.0 57.12 1.02 100.0 7.016E-01 2.500E-01 1.555E-01

*******************************************************************************

5*30-1/;,

Analysq (§7 Date

L., ﬂﬁ% Sl
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A-RA$04 RA

HIVE_S:S_0705098

Channel Contents for ND AMS ARC

Channel




Eberline Services
Oak Ridge Laboratory

Gross Sample Counts Within Peak Regions Generated: 30-MAY-2007 06:09:38.93

Detector ID: s Acquisition Start: 29-MAY-2007 18:01:28.01
Live Time: 0 02:50:04.00 Real Time: 0 02:50:04.00
Batch Id: 0705098A-RA Sample Id: 04
Sample Type: RA
Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec $Err Fit
1 0 4613.66 34 0202.21 364.32 279 167 3.33E-03 17.1
2 0 5313.00 37 0298.29 618.62 511 188 3.63E-03 16.4
3 0 5829.28 24 0 40.15 810.08 719 172 2.35E-03 20.4
Background Counts Within Peak Regions Generated: 30-MAY-2007 06:09:59.31
Acquisition Start: 25-MAY-2007 18:09:56.01
Live Time: 0 16:40:03.00 Real Time: 0 16:40:03.00
Pk It Energy Area Bkgnd FWHM Channel Left bPw Cts/Sec $Err Fit
1 0 4606.81 6 0352.56 362.00 279 167 1.00E-04 40.8
2 0 5274.53 13 0468.16 604.50 511 188 2.17E-04 27.7
3 0 5812.75 7 0248.53 804.50 719 172 1.17E-04 37.8
Net Sample Counts Within Peak Regions Generated: 30-MAY-2007 06:09:59.62
Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec $Err Fit
1 0 4613.66* 57 0202.21 364.32 279 167 5.60E-03 17.5
2 0 5313.00%* 61 0298.29 618.62 511 188 5.98E-03 17.1
3 0 5829.28% 40 0 40.15 810.08 719 172 3.91E-03 21.1

Flag: "*" = Peak area was modified by background subtraction




VMS Nuclide Identification Report V3.0 Generated 30-MAY-2007 06:10:00

Configuration : MCAO:[AMSCOUNT]OOOlDD76$l

Analyses by : ROIPEAK V1.2, PEAKEFF V2.2,ENBACK V1.6,NID V3.3

Sample title : 5601-FSS-SU5-1015

Sample date : 21-NOV-2006 00:00:00 Acquisition date 29-MAY-2007 18:01:28
Sample ID : 04 Sample quantity 1.0982 gram

Sample type : RA Sample geometry

Detector name : 006 Detector geometry:

Elapsed live time: 0 02:50:04.00 Elapsed real time: 0 02:50:04.00 0.0%
Energy tolerance : 100.00 kevVv Half life ratio 8.00

Errors propagated: Yes Systematic Error 3.00 %
Efficiency type : Average value Efficiencies at Peak Energy
Abundance limit 75.00

Post-NID Peak Search Report

It Energy Area FWHM Channel Left Pw $Err Fit
0 4613.66% 57202.21 364.32 279 167 34.9
0 5313.00% 61298.29 618.62 511 188 34.1
0 5829.28«* 40 40.15 810.08 719 172 42.1

Nuclides Activity

pCi/gram
RA-226 0.678
RN-222 0.726

PO-218 0.473




éview of QA results (Daily Pulser Check ) 29-MAY-2007 05:29:17 Page 1
Detector Parameter Flag Filename
1 ALL Passed D_001 NONE
2 ALL Passed D_002_NONE
3 ALL Passed D_003_ NONE
4 OFFLINE
5 OFFLINE
6 ALL Passed D_006_NONE
7 OFFLINE
8 ALL Passed D_008_NONE
9 ALL Passed D_009 NONE
10 ALL Passed D _010_NONE
11 .~ ALL Passed D_011 NONE
12 ALL Passed D_012 NONE
13 - ALL Passed D_013 NONE
14 ALL Passed D_014 NONE
15 OFFLINE
16 ALL ' Passed D_016 NONE
17 ALL . Passed D_017 NONE
18 ALL Passed D_018 NONE
19 ALL Passed D_019 NONE
20 ALL Passed D _020_NONE
21 OFFLINE
22 OFFLINE
23 ALL Passed D_023 NONE
24 OFFLINE
25 ALL Passed D_025 NONE
26 ALL Passed D_026 NONE
27 ALL : Passed D_027_NONE
28 ALL Passed D_028 NONE
29 ALL Passed D_029 NONE
30 ALL Passed D_030 NONE
31 ALL Passed D _031 NONE
32 OFFLINE
33 ALL Passed D_033_ NONE
34 ALL Passed D_034_ NONE
35 OFFLINE
36 OFFLINE
37 ALL Passed D_037 NONE
38 ALL Passed D_038 NONE
39 OFFLINE
40 OFFLINE
41 ALL Passed D_041 NONE
42 ALL Passed D_042 NONE
43 OFFLINE
44 OFFLINE
45 ALL Passed D_045 NONE
46 ALL Passed D_046 NONE
47 ALL Passed D_047 NONE
48 ALL Passed D_048 NONE

APPROVAL DATE - 5/29 /0 7 APPROVAL TIME: (05,30

APPROVED BY: PROCEDURE #




SECTION XI

ANALYTICAL DATA (RADIUM-228)
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SECTION XII

BARIUM-133 ANALYTICAL TRACER DATA




VAX/VMS Peak Search Report Generated 29-MAY-2007 14:46:30.20

Configuration

Analyses by

Client ID

Deposition Date
Sample Date

Sample ID

Sample type

Detector name
Elapsed live time:
Start channel

Sensitivity
Critical level

Pk It

OCoOJaubhwhRp

OOU)UJOOO}—-‘I—‘I—'I-—‘I—-‘I—‘l—'OOOOl\)[\)OOOOn&l&OI—‘I—‘U’]U’IU’I

Energy

62
66

81
84
93
112

144
161

303
307
333

365

391

422
437

514
609

.28
.25
69.
.41
.18
.69
.25
1le6.
.97
.51
179.
276.

44

49

16
84

.43
.69
.52
3309.
356.
.46
377.
384.
387.

08
72

28
61
61

.61
415.
418.

29
61

.53
.57
456.
469.
511.

76
28
08

.33
.03
695.

44

DKA100: [GAMMA.SCUSR.ARCHIVE] SMP
PEAKEFF V2.2

29-MAY-2007 00:00:00 Acquisition date
Sample Quantity
Sample Geometry
Detector Geometry:
Elapsed real time:
End channel

PEAK V16.9
SPIKE
0705098-01
FILTER

GE3

0 00:15:00.00
25

3.00000
No

Area Bkgnd
335 62
169 66
20 41
955 50
30 33
56 118
279 53
79 55
18 55
55 71
20 46
66 54
176 16
35 22
43 74
30 26
646 39
16 22
18 7
184 6
239 4
53 3
54 16
32 8
21 2
132 0
12 5
23 11
16 5
6 6
11 5
5 4

Gaussian

FWHM Channel

PHEEODENDR R RPRRRRE R R R R RERPR R R R RN RRR RS

.60
.13
.46
.48
.49
.85
77
.02
.49
.41
.39
.89
.43
.93
.48
.91
.55
.74
.82
.82
.74
.83
.85
.85
.85
.67
.68
.56
.32
.92
.79
.80

62.
.66.

70.
.10
.86
.37
112.
117.
145.
162.
179.
277.
304.
.28
334.
339.
357.
366.
377.
385.
.17
392.
415.
419.
.06
438.
457.
469.

82
84
94

308

388

423

511
514

98
95
13

93
17
63
16
80
44
02

10
66
29
02
83
17

17
83
15

10
28
80

.58
.83
609.
695.

49
86

Left

59

59

59

77

77

89
109
109
143
159
178
272
300
300
331
338
353
363
374
374
374
374
411
411
411
433
455
465
507
507
606
692

Pw

15
15
15
11
11
10
15
15
6
7
5
11
12
12
8
6
9
7
25
25
25
25
15
15
15
S
8
7
11
11
7
7

O\I—'mF—‘[\)I—-‘l—-‘MWG\WN[\)NI—‘\]D\JH}-LA)I—‘\][\)O\I—‘OD(.UO'\(A)I—‘I\JI-—'(.'J

M st29- A

_070509801_GE3 BAFIL 110282.CN

29-MAY-2007 14:31:10
1.00000E+00 filter

0

BAFIL

0 00:15:01.54
4096

10.00000

o\
el
I
[

Cts/Sec

.72E-01 6.
.88E-01 11.
.22E-02 62.
.06E+00 3.
.29E-02 62.
.25E-02 38.
.10E-01 7.
.79E-02 21.
.98E-02 70.
.11E-02 28.
.24E-02 55.
.35E-02 24.
.95E-01 8.
.93E-02 32.
.83E-02 37.
.32E-02 33.
.18E-01 4.
.81E-02 53.
.03E-02 35.
.04E-01 7.
.66E-01 7.
.89E-02 22.
.03E-02 17.
.52E-02 31.
.31E-02 34.
.47E-01 8.
.33E-02 41.
.50E-02 31.
.81E-02 37.
.13E-03 93.
.22E-02 45.
.05E-03 71.

450'\\IO\O\]\](A)I—‘[\J(I)H%HOW\]HHH\OWQ’)OOI—‘H}-HQOODU'I

0.2%

Fit

.93E+00

.72E+01

.76E+00

.72E-01

.05E+00

.34E+00

.09E+00




Summary of Nuclide Activity
Sample ID 0705098-01

Total number of lines in spectrum
Number of unidentified lines

Number of lines tentatively identified by NID 4

Nuclide Type FISSION
Wtd Mean
Uncorrected
Nuclide Hlife Decay pCi/filter
BA-133 10.50Y 1.00 4.385E+02
Total Activity 4.385E+02
Nuclide Type NATURAL
Wtd Mean
Uncorrected
Nuclide Hlife Decay pCi/filter
TH-234 4.47E+09Y 1.00 6.972E+02
Total Activity 6.972E+02
Grand Total Activity 1.136E+03

"K" = Keyline not found
"E" = Manually edited

Flags:

Page
29-MAY-2007 14:31:10

Acquisition date

32
28
12.50%
Wtd Mean
Decay Corr Decay Corr 2-Sigma
pCi/filter 2-Sigma Error
4.385E+02 0.811E+02 18.50
4.385E+02
Wtd Mean
Decay Corr Decay Corr 2-Sigma
pCi/filter 2-Sigma Error
6.972E+02 1.017E+02 14.59
6.972E+02
1.136E+03
"M" = Manually accepted
"A" = Nuclide specific abn. limit

%Error Flags

sError Flags




Nuclide Line Activity Report Page : 3
Sample ID : 0705098-01 Acquisition date : 29-MAY-2007 14:31:10

Nuclide Type: FISSION
Uncorrected Decay Corr 2-Sigma

Nuclide Energy $Abn $Eff pCi/filter pCi/filter $Error Status

BA-133 81.00 33.00*% 1.982E+01 4.385E+02 4.385E+02 18.50 OK
302.84 17.80 5.790E+00 5.115E+02 5.115E+02 33.09 OK
356.01 60.00 6.459E+00 5.005E+02 5.006E+02 17.82 OK

Final Mean for 3 Valid Peaks 4.385E+02+/- 8.112E+01 ( 18.50%)

Nuclide Type: NATURAL
Uncorrected Decay Corr 2-Sigma

Nuclide Energy $Abn SEff pCi/filter pCi/filter $Error Status
TH-234 63.29 3.80*% 3.797E+01 6.972E+02 6.972E+02 14.59 OK
Final Mean for 1 Valid Peaks = 6.972E+02+/- 1.017E+02 ( 14.59%)

Flag: "*" = Keyline



Combined Activity-MDA Report
Sample ID 0705098-01

---- Identified Nuclides ----

Activity Act error
Nuclide (pCi/filter)
BA-133 4.385E+02 8.112E+01
TH-234 6.972E+02 1.017E+02

---- Non-Identified Nuclideg ----

Key-Line

Activity K.L. Act error

Nuclide (pCi/filter) Ided

CO-57 -1.673E+00 8.097E+00
CD-109 -2.653E+01 1.128E+02
PA-231 0.000E+00 0.000E+00
PA-234 0.000E+00 0.000E+00
NP-237 8.642E+00 3.335E+01
AM-241 8.661E+00 5.126E+00

(pCi/filter)

1.
7.

(pCi/filter)

VUl R R

Acquisition date

MDA

787E+01
953E+01

MDA

.283E+01
.572E+02
.933E-01
.251E-01
.019E+01
.461E+00

MDA error

2.
4.

990E+00
198E+00

MDA error

O WRN

.731E+00
.907E+01
.873E-03
.507E-03
.868E+00
.166E-01

: 4
29-MAY-2007 14:31:10

Act /MDA

24.544
8.766

Act /MDA

-0.130
-0.169
0.000
0.000
0.172
0.915

210



VAX/VMS Peak Search Report Generated 29-MAY-2007 15:07:50.54

Configuration

Analyses by

Client ID

Deposition Date
Sample Date
Sample ID

Sample type

Detector name
Elapsed live time:
Start channel

Sensitivity
Critical level

Pk It

WO JOUThd WN R

OCOOOOWWORRERONNOOOWWRDRMORRELNN

Energy

62

84
93
112
116

166

303

384

391

468
511

.24
66.
81.
.41
.23
.42
.20
le1l.
.83
209.
276.
.48
334.
339.
356.
.44
387.
.92
415.
420.
437.
445,
.44
.72
697.

20
34

44

97
94

14
08
73

57
86
90

84
93

98

/{«, 5 220 —

DKAlOO:[GAMMA.SCUSR.ARCHIVE]SMP_O70509802_GE3_BAFIL_110284.CN

PEAKEFF V2.2

29-MAY-2007 00:00:00 Acquisition date
Sample Quantity
Sample Geometry
Detector Geometry:
Elapsed real time:
End channel

PEAK V16.9
BLANK
0705098-02
FILTER
GE3
0 00:15:00.00
25
3.00000
No
Area Bkgnd
289 59
135 59
865 46
27 33
22 79
255 62
43 62
21 52
14 46
19 41
86 36
189 17
80 15
34 16
579 17
106 25
244 5%
44 20
41 11
20 11
109 S
13 3
24 8
23 2
8 1

Gaussian

FWHM Channel

PNRPWRNNNEPERRRRERRMEPORERNDRR e e

.59
.60
.48
.49
.24
.79
.05
.94
.95
.08
.85
.35
.94
.96
.17
.82
.76
.93
.23
.24
.82
.02
.73
.03
.25

62.
66.
82.
85.
93.
113.
.87

116

162.
167.

210

339
357
384

392

438

512
698

94
89
03
10
91
10

09
48

.60
277.
304.
334.
.66
.30
.99
388.
.47
416.
421.
.38
446.
468.
.21
.40

55
07
71

12

40
44

46
96

Left

€0

60

77

77

91
108
108
158
158
208
273
300
329
329
352
382
382
391
411
411
434
444
464
509
694

Pw

10
10
11
11

7
14
14
15
15

6

9

7
16
16
10
10
10

6
17
17

=
~J oo o

OCNNEPERPNARARNMNRPOAWVONOUNREFNBNMNOMNDNOR W

29-MAY-2007 14:52:31
1.00000E+00 filter

0
BAFIL

0 00:15:01.65

4096

10.00000

Cts/Sec

.21E-01
.50E-01
.61E-01
.98E-02
.40E-02
.83E-01
.74E-02
.31E-02
.61E-02
.10E-02
.56E-02
.09E-01
.88E-02
.82E-02
.43E-01
.18E-01
.72E-01
.93E-02
.51E-~-02
.21E-02
.21E-01
.44E-02
.67E-02
.51E-02
.40E-03

o\°
=
H
H

13.

62.
71.

40.
59.
83.
59.
16.

13.
26.

13.

24 .
22.
42,
11.
34.
28.
23.
46.

COWVWOODMNMNUARANBPWONOANODRFR OO JAOJOO WW

0.2%

Fit

.72E+00

.92E+00

.35E+00

.40E+00

.71E+00

.78E+01

.07E+00




Summary of Nuclide Activity
Sample ID 0705098-02

Total number of lines in spectrum
Number of unidentified lines

Number of lines tentatively identified by NID 4

Nuclide Type FISSION
Wtd Mean
Uncorrected
Nuclide Hlife Decay pCi/filter
BA-133 10.50Y 1.00 3.970E+02
Total Activity 3.970E+02
Nuclide Type NATURAL
Wtd Mean
Uncorrected
Nuclide Hlife Decay pCi/filter
TH-234 4.47E+09Y 1.00 6.016E+02
Total Activity 6.016E+02
Grand Total Activity 9.986E+02

"K" = Keyline not found
"E" = Manually edited

Flags:

Page
Acquisition date

25
21
16.00%
Wtd Mean
Decay Corr Decay Corr 2-Sigma
pCi/filter 2-Sigma Error
3.970E+02 0.741E+02 18.66
3.970E+02
Wtd Mean
Decay Corr Decay Corr 2-Sigma
pCi/filter 2-Sigma Error
6.016E+02 0.962E+02 15.99
6.016E+02
9.987E+02
"M" = Manually accepted
"A" = Nuclide specific abn. limit

29-MAY-2007 14:52:31

3Error Flags

$Error Flags




Nuclide Line Activity Report Page : 3
Sample ID : 0705098-02 Acquisition date : 29-MAY-2007 14:52:31

Nuclide Type: FISSION
Uncorrected Decay Corr 2-Sigma

Nuclide Energy %Abn SEff pCi/filter pCi/filter $Error Status

BA-133 81.00 33.00* 1.982E+01 3.970E+02 3.970E+02 18.66 OK
302.84 17.80 5.790E+00 5.493E+02 5.493E+02 33.19 OK
356.01 60.00 6.459E+00 4.484E+02 4.484E+02 17.88 OK

Final Mean for 3 Valid Peaks

3.970E+02+/- 7.408E+01 ( 18.66%)

Nuclide Type: NATURAL
Uncorrected Decay Corr 2-Sigma

Nuclide  Energy $Abn $Eff pCi/filter pCi/filter $Error Status
TH-234 63.29 3.80* 3.797E+01 6.016E+02 6.016E+02 15.99 OK
Final Mean for 1 Valid Peaks = 6.016E+02+/- 9.620E+01 ( 15.99%)

Flag: "*" = Keyline




Combined Activity-MDA Report

Sample ID 0705098-02

---- Identified Nuclides ----

Activity Act error
Nuclide (pCi/filter)
BA-133 3.970E+02 7.408E+01
TH-234 6.016E+02 9.620E+01

---- Non-Identified Nuclides ----

Key-Line

Activity K.L. Act error

Nuclide (pCi/filter)Ided

CO-57 -7.552E-01 7.923E+00
CD-109 1.181E+01 1.080E+02
PA-231 0.000E+00 0.000E+00
PA-234 0.000E+00 0.000E+00
NP-237 1.266E+01 3.148E+01
AM-241 9.490E+00 4.736E+00

(pCi/filter)

1.
7.

(pCi/filter)

(o JT NS S

Acquisition date

MDA

611E+01
827E+01

MDA

.277E+01
.602E+02
.933E-01
.251E-01
.869E+01
.048E+00

MDA error

2.
4.

696E+00
132E+00

MDA error

WouoInnwWwREN

.718E+00
.944E+01
.873E-03
.507E-03
.693E+00
.984E-01

4

29-MAY-2007 14:52:31

Act /MDA

24.
7.

641
687

Act /MDA

HOOOOoOOo

.059
.074
.000
.000
. 260
.049




VAX/VMS Peak Search Report Generated 29-MAY-2007 15:24:37.40 S 5.29-0¢

Configuration

Analyses by

Client ID

Deposition Date
Sample Date

Sample ID

Sample type

Detector name
Elapsed live time:
Start channel

Sensitivity
Critical level

Pk It

WoOoOJdoand WN R

OOOO;&@HHI—‘M[\)OOUJU)UJ[\)(\)OOOO[\)I\)[\)[\)

Energy

59.
.30
66.
.30

81.
112.

62

69
193
224
273
303
312
334
339

365
384

391

415,
419.
437.
468.
.24
620.

511

57

23

45
08

.32
.68
.55
277.
.55
308.
.20
.79
.37
356.
.44
.44
387.
.61

13

09

68

61

00
24
65
30

60

DKA100: [GAMMA.SCUSR.ARCHIVE] SMP
PEAK V16.9 PEAKEFF V2.2

:. 5601-FSS-8U5-1015

29-MAY-2007 00:00:00 Acquisition date
Sample Quantity
Sample Geometry
Detector Geometry:
Elapsed real time:
End channel

0705098-03
FILTER
GE3
0 00:15:00.00
25
3.00000
No
Area Bkgnd
24 68
282 62
93 56
19 43
835 110
182 135
27 56
14 39
8 6
58 13
170 7
34 14
14 15
63 48
21 22
592 17
10 30
122 14
225 10
44 8
47 13
43 6
116 2
29 5
31 0
6 2

Gaussian

FWHM Channel

MNNEPENMNRERRPRRRERPBNONRRRONRE R e

.59
.59
.60
.33
.32
.33
.66
.50
.72
.90
.44
.13
.13
.72
.75
.49
.99
.82
.77
.83
.30
.46
.74
.21
.07
.95

60

112

274

308

511

.28
63.
66.
70.
82.
.76
193.
225,
.16
277.
304.

00
93
00
14

96
31

73
15

.68
312.
335.
339.
357.
366.
384.
388.
392.
415.
419.
438.
468.
.74
621.

78
37
95
25
01
99
17
17
54
78
18
82

05

Left

58

58

58

58

78
110
190
223
273
273
300
300
300
332
338
353
353
381
381
381
411
411
433
465
507
618

Pw

16
16
16
16
8
7
7
5
15
15
18
18
18
7
6
16
16
16
16
16
15
15
10
7
10
6

\]LA)(A)I-—‘rbUwa[\)H’—‘O\[\)O\le—‘G\\O}—'wl\JkOI\JI—‘wl\)

_070509803_GE3_BAFIL 110287.CN

29-MAY-2007 15:09:23
1.00000E+00 filter

0
BAFIL

0 00:15:01.70

4096

10.00000

Cts/Sec

.66E-02
.14E-01
.03E-01
.07E-02
.28E-01
.03E-01
.00E-02
.51E-02
.08E-03
.47E-02
.89E-01
.77E-02
.56E-02
.95E-02
.34E-02
.57E-01
.14E-02
.36E-01
.50E-01
.92E-02
.21E-02
.81E-02
.28E-01
.19E-02
.44E-02
.15E-03

$Err

63.
7.
17.
64.
4.
13.
49.
74 .
50.
17.
7.
31.
51.
22.
41.
4.
76.
10.
7.
25.
19.
23.
9.
22.
18.
49.

\'IOkOO\LUNO\WO@I\)G\HCX)M\D\'IUT(DGJOHU‘IWLH\]

0.2%

Fit

.92E+00

.57E+00

.76E+00

.78E+00

.13E+401

.66E+00




Summary of Nuclide Activity
Sample ID 0705098-03

Total number of lines in spectrum
Number of unidentified lines

Number of lines tentatively identified by NID 5

Nuclide Type FISSION
Wtd Mean
Uncorrected
Nuclide Hlife Decay pCi/filter
BA-133 10.50Y 1.00 3.833E+02
Total Activity 3.833E+02
Nuclide Type NATURAL
Wtd Mean
Uncorrected
Nuclide Hlife Decay pCi/filter
TH-234 4.47E+09Y 1.00 5.876E+02
AM-241 432.20Y 1.00 4.406E+00
Total Activity 5.920E+02
Grand Total Activity 9.753E+02

IIKH
IIEH

Keyline not found
= Manually edited

Flags:

Acquisition date

Page : 2
29-MAY-2007 15:09:23

26
21
19.23%
Wtd Mean
Decay Corr Decay Corr 2-Sigma
pCi/filter 2-Sigma Error S$Error Flags
3.834E+02 0.730E+02 19.05
3.834E+02
Wtd Mean
Decay Corr Decay Corr 2-Sigma
pCi/filter 2-Sigma Error $Error Flags
5.876E+02 0.964E+02 16.40
4.406E+00 5.623E+00 127.64
5.920E+02
9.754E+02
"M" = Manually accepted
"A" = Nuclide specific abn. limit




Nuclide Line Activity Report
Sample ID : 0705098-03

Nuclide Type: FISSION

Nuclide Energy $Abn

BA-133 81.00 33.00
302.84 17.80
356.01 60.00

Final Mean for

Nuclide Type: NATURAL

Nuclide Energy %Abn
TH-234 63.29 3.80

Final Mean for
AM-241 59.54 35.90

Final Mean for

Flag: "*" = Keyline

SEff
* 1.982E+01
5.790E+00
6.459E+00

3 Valid Peaks

SEff
* 3.797E+01

1 Valid Peaks
* 4 ,552E+401

1 Valid Peaks

Page : 3

Acquisition date : 29-MAY-2007 15:09:23

Uncorrected Decay Corr 2-Sigma
pCi/filter pCi/filter %Error Status

3
4
4

.833E+02 3.834E+02 19
.958E+02 4.959E+02 32
.584E+02 4.585E+02 17

3.834E+02+/- 7.303E+01

.05 OK
.87 OK
.72 OK

( 19.05%)

Uncorrected Decay Corr 2-Sigma
pCi/filter pCi/filter $%Error Status

5

4

.876E+02 5.876E+02 16
5.876E+02+/- 9.637E+01
.406E+00 4.406E+00 127

4.406E+00+/- 5.623E+00

.40 OK
( 16.40%)
.64 OK

(127.64%)




Combined Activity-MDA Report

Sample ID : 0705098-03

---- Identified Nuclides ----

Activity Act error
Nuclide (pCi/filter)
BA-133 3.834E+02 7.303E+01
TH-234 5.876E+02 9.637E+01
AM-241 4.406E+00 5.623E+00

---- Non-Identified Nuclideg ----

Key-Line

Activity K.L. Act error

Nuclide (pCi/filter) Ided

CO-57 4.519E+00 8.292E+00
CD-109 -1.139E+00 1.142E+02
PA-231 0.000E+00 0.000E+00
PA-234 0.000E+00 0.000E+00
NP-237 2.489E+01 3.160E+01

Acquisition date

MDA

(pCi/filter)

1.
7.
6.

773E+01
827E+01
893E+00

MDA

(pCi/filter)

Ul

.512E+01
.860E+02
.933E-01
.251E-01
.576E+01

MDA error

2.
4.
3.

967E+00
132E+00
035E-01

MDA error

AN wNDw

.219E+00
.257E+01
.873E-03
.507E-03
.519E+00

Page :
29-MAY-2007 15:09:23

4

Act /MDA

21.
7.
0.

625
508
639

Act /MDA

OO O OO

.299
.006
.000
.000
.446




VAX/VMS Peak Search Report Generated 29-MAY-2007 15:41:03.81 /&. 5;2$~UGL—

Configuration

Analyses by

Client ID

Deposition Date
Sample Date

Sample ID

Sample type

Detector name
Elapsed live time:
Start channel

Sensitivity
Critical level

Pk It

WOo-JoaU b WwWN R

OOOOP—-‘I—‘I—'I—‘!—‘OOOOI—‘I—‘OOOI—‘I—‘OWNI—‘I—‘P—‘

Energy

62
71
81

84
93

160

303

334

364

384

391

418

446

512

.23
66 .
.17
.47
.86
.42
112.
1lse.
145.
.67
277.
.38
307.
.68
338.
356.
.82
.36
387.
.61
415.
.63
437.
.66
468.
.54

23

18
46
03
94
48
99
75
61
30
80

06

DKA100: [GAMMA.SCUSR.ARCHIVE] SMP
PEAKEFF V2.2

PEAK V16.9

5601-FSS-8SU5-1015

29-MAY-2007 00:00:00 Acquisition date
Sample Quantity
Sample Geometry
Detector Geometry:
Elapsed real time:
End channel

0705086-04
FILTER
GE3
0 00:15:00.00
25
3.00000
No
Area Bkgnd
246 62
118 56
15 53
977 41
45 34
38 77
242 46
54 47
33 95
12 87
32 56
182 10
39 10
74 27
30 15
584 30
18 15
132 17
261 13
47 11
34 S
19 11
129 11
8 3
27 2
27 0

Gaussian

FWHM Channel

.45
.46
.47
.42
.80
.67
.53
.54
.98
.02
.79
.52
.76
.39
.81
.75
.16
.82
.73
.83
.85
.85
.98
.86
.52
.20

WHNRPRPRERHRERRERPE R B S B R R e e

62

71

112

145
161
278

303.
308.
335.
.57
357.
.39
384.
388.
392.
415.
419.
.33
447.
.58
513.

339

365

438

468

.93
66.

93

.87
82.
85.
94 .

le
55
11

.86
117.
.69
.33
.54

14

97
07
25

31
92
17
17
84
17
19

04

Left

58

58

58

77

77

90
108
108
140
160
275
300
300
331
338
352
363
382
382
382
411
411
433
444
465
509

Pw

17
17
17
12
12
9
14
14
10
6
9
11
11
7
6
10
6
16
16
16
16
16
11
6
7
10

L»JLA)(DI-—‘[\JUU(Hl\Jl——'[\)O\wmnbt\)wl—‘wU'll\erml—‘l—'l—‘[\J

_070508604_GE3_BAFIL 110290.CN

29-MAY-2007 15:25:44
1.00000E+00 filter

0

BAFIL

0 00:15:01.67
4096

10.00000

Cts/Sec %Err

.74E-01 8.
.31E-01 13.
.69E-02 75.
.09E+00 3.
.02E-02 43.
.20E-02 44.
.69E-01 7.
.97E-02 25.
.71E-02 57.
.36E-02122.
.60E-02 44.
.03E-01 7.
.28E-02 24.
.26E-02 16.
.33E-02 27.
.49E-01 4.
.00E-02 41.
.46E-01 9.
.90E-01 6.
.21E-02 26.
.80E-02 23.
.16E-02 45.
.44E-01 10.
.89E-03 49.
.03E-02 20.
.00E-02 19.

l\)OOl\)I—‘[\)rbO(DUJ»&UT:—PU)I\)\OI—'[\)LA)O\]G)O\U)I—‘[\)I—‘

0.2%

Fit

.92E+00

.77E+00

.41E+00

.70E+00

.00E+00

.21E+00




Summary of Nuclide Activity
Sample ID 0705086-04

Total number of lines in spectrum
Number of unidentified lines

Acquisition date

26
21

Number of lines tentatively identified by NID

Nuclide Type FISSION
Wtd Mean
Uncorrected
Nuclide Hlife Decay pCi/filter
BA-133 10.50Y 1.00 4.486E+02
NP-237 2.14E+06Y 1.00 6.322E+01
Total Activity 5.118E+02
Nuclide Type NATURAL
Wtd Mean
Uncorrected
Nuclide Hlife  Decay pCi/filter
TH-234 4.47E+09Y 1.00 5.129E+02
Total Activity 5.129E+02
Grand Total Activity 1.025E+03

WKn =
nEn

Flags: Keyline not found

Manually edited

Wtd Mean
Decay Corr
pCi/filter

4.487E+02

6.322E+01

5.119E+02

Wtd Mean
Decay Corr
pCi/filter

5.129E+02

5.129E+02

1.025E+03

IIMII
HAII

Page : 2
29-MAY-2007 15:25:44

19.23%

Decay Corr 2-Sigma

2-Sigma Error $%Error Flags
0.827E+02 18.44
5.567E+01 88.05

Decay Corr 2-Sigma

2-Sigma Error $Error Flags
0.895E+02 17.46

Manually accepted
Nuclide specific abn. limit




Nuclide Line Activity Report Page : 3
Sample ID : 0705086-04 Acquisition date : 29-MAY-2007 15:25:44

Nuclide Type: FISSION
Uncorrected Decay Corr 2-Sigma

Nuclide Energy $Abn SEff pCi/filter pCi/filter $Error Status

BA-133 81.00 33.00% 1.982E+01 4.486E+02 4.487E+02 18.44 OK
302.84 17.80 5.790E+00 5.316E+02 5.317E+02 32.84 OK
356.01 60.00 6.459E+00 4.523E+02 4.524E+02 18.01 OK

Final Mean for 3 Valid Peaks 4.487E+02+/- 8.272E+01 ( 18.44%)
NP-237 86.50 12.60* 1.705E+01 6.322E+01 6.322E+01 88.05 CK

Final Mean for 1 Valid Peaks 6.322E+01+/- 5.567E+01 ( 88.05%)

Nuclide Type: NATURAL
Uncorrected Decay Corr 2-Sigma

Nuclide Energy $Abn SEff pCi/filter pCi/filter $Error Status
TH-234 63.29 3.80* 3.797E+01 5.129E+02 5.129E+02 17.46 OK

Final Mean for 1 Valid Peaks = 5.129E+02+/- 8.953E+01 ( 17.46%)

Flag: "*" = Keyline




Combined Activity-MDA Report

Sample ID 0705086-04

---- Identified Nuclideg ----

Activity Act error
Nuclide (pCi/filter)
BA-133 4.487E4+02 8.272E+01
TH-234 5.129E+02 8.953E+01
NP-237 6.322E+01 5.567E+01

---- Non-Identified Nuclides ----

Key-Line

Activity K.L. Act error

Nuclide (pCi/filter) Ided

CO-57 ~6.106E-01 8.066E+00
CD-109 2.426E+01 9.438E+01
PA-231 0.000E+00 0.000E+00
PA-234 0.000E+00 0.000E+00
AM-241 1.138E+01 4.882E+00

Acquisition date

MDA
(pCi/filter)

1.672E+01
7.827E+01
3.970E+01

MDA
(pCi/filter)

.301E+01
.458E+02
.933E-01
.251E-01
.778E+00

(U I S G

MDA error

2.798E+00
4.132E+00
4.642E+00

MDA error

.771E+00
.769E+01
.873E-03
.507E-03
.306E-01

BN WERN

4

29-MAY-2007 15:25:44

Act /MDA

26.834
6.554
1.593

Act /MDA

.047
.166
.000
.000
.164

ool Ne]
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